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1. To Clairaut we owe the first important work on the 
relation of the oblateness, the rotation spin, and the matter- 
distribution of a planetary body. By taking into account only 
terms of the first order in the ellipticity he showed that, what- 
ever the law of density from surface to centre, the oblateness 
must be comprised between the values } and 4 of the ratio, ¢, 
between the centrifugal force so-called and gravity at the 
equator when the body is homogeneous. In the present paper 
it will be shown that if we extend the investigation to higher 
orders we can prove not only that the upper limit is very 
approximately 3 ¢, but that the lower limit is not dependent 
on a series but may be expressed exactly in terms of the mean 
density and the rotation. 

2. To find the conditions for equilibrium in a fluid mass, 
consider the little parallelopiped dx, dy, dz. The increase of 
pressure between its two facesin the direction of x is 


dp 
seal dx. dy. dz, 


the minus sign being used because the pressure decreases x. 
The resolved part of the force acting on it in the direction 
of x is 

pX. dx. dy. dz. 


Similarly for the other coédrdinates. 
For equilibrium these must balance. Whence 


: dp A dp Pn. dp\ 
(ex- d a a G — as) + \@ ~ jdz 0. 


/ 


or dp = p (Xdx + Ydy + Zdz). 
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This is the differential equation for fluid equilibrium. 

3. To find the integral equation for the pressure at a point, 
suppose the fluid in equilibrium and canals drawn from any 
point within to a point on the surface. The pressures pro- 
duced by the fluid in the several canals must all be equal at 
the point since otherwise there would be a flow to or from it. 


The pressure due to any canal must therefore be independent of 
the form of the canal. 


The pressure due to any canal is 
(ap = fr (Xdx + Ydy + Zdz) (1) 


taken between the ends of the canal. 
Now if this cannot be integrated without expressing o, X, 
Y, and Z in terms of x, by the equation to the canal, we 


shall have 
1 
{a =P = fe, — fx, (2) 


in which f will differ for each canal and the pressure be 
dependent on the form of the canal. 
But if 


p (Xdx + Ydy + Zdz) 


be an exact differential, then its integral between limits can 
be expressed solely as a function of those limits; or 
P= y (x1, V1, 21,) — ¥ (Xo, Vo, Zo), (3) 
and will be the same whatever the form of the canal. In this 
case equilibrium will be possible. 
Secondly, the values of the integral for all canals drawn 
from the point within to different points of the surface must 


be the same, since all these must exert the same pressure on 
the point. That is 


W (x1, Vi, 215) — Y (X0, Vo, 20) = Y (X2, Vo, 22) — Y (Xy, Vo, 20) 
or Y (x2, Yo, 22) == Y (X41, V1, 21). 


Therefore the variation of dP = 0 at the surface, 


or Xdx + Ydy + Zdz there = 0 (4) 


which indicates that the whole force must be perpendicular to 
that surface. These two conditions completely satisfy the 
problem. 
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4. Now if the force be any function of the distance, say 
gr, then 


x j 
X =—or ' te =o = Z=-—or 


and since r= x? + ys + 2° 
rdr = xdx + yvdy + zdz, 
and Xdx + Ydy + Zdz= — or. dr, 
or dp = Xdx + Ydy + Zdz) 
is an exact differential if p is a function of. 
Xdx + Ydy + Zdz. 
This being true for any attracting particle is true for their 


aggregate. 
i= 


5. Similarly in the case of the centrifugal force. Since the 
part of it in the direction of x 
41° 


that in y, yes and that in z= 0, 


we have for the whole 


: . ; 4° 
Xdx + Ydy + Zdz= re (xdx + ydy), 
21° 
and its integral qe (x? + y*). 


Lastly, if p bea function of the forces, then it, too, becomes 
immediately integrable. In this case dp is an exact differential 
and equilibrium is assured. A particular case of this is where 
p = constant. 

6. Now the extremes possible for the law of density dis- 
tribution in a rotating body are when its derivative is 0 and 
when it is © 

In the first case p = constant and the body is homogeneous. 

7. To find the oblateness in this case we may take two 
canals, the one from the center to the pole, the other from 
the center to the equator. For equilibrium the pressures due 
to the two must be equal. In this case it has been proved 
that the figure of equilibrium is a spheroid by Maclaurin, 
and extended by d’Alembert. 
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588 
The attraction of a homogeneous spheroid for a particle at 





its pole is 


1 ae ae oe 
=4wb(-g ms a “), (9) 
e @ 
where b = the semi minor axis 
e = the eccentricity of the generating ellipse 


to 

~| =e 
oS 
t 


and a = the semi major axis. 
The attraction on a particle 

sin —e =a 4n? 

tne VIS) 


at its equator is 





= 2mpa 1 2 7 : 
= o 23 9 
¢ a 





the second term being the centrifugal force, 
where T = the period of the spin. 
The pressure due to a small part dp of the polar canal 


8. 
at the point p is 
— Pp dp, 
fi aa ae ee 
where P = 4m) ( on | Ab Sse raat a ; 
e / 


and the pressure due to the whole canal at the point 
= - { Prdp =—-}Pp+C. 
We determine C by the condition that at b the pressure 


ceases. 
Consequently, 

>h2 4 “ 1 >f2 

al Pb? + C 0 ofr C=%5 Pb’, 


and therefore at the center, where p = O, the pressure is 


= 
= Pe. 


Similarly for the equatorial canal, if 
sin—'e |/1i-—é ) 4r° 
e esi io 2» 








Q = 2xp y1— a( 


the pressure at the center = -, 
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Since these must be equal for equilibrium, we have 
PH = Qa’, 
Pb a 


Qa b (7) 


but Pb is the force at the pole and Qa is the force at the 


equator. These then are to each other as 


’ 


9. Substituting in equation (7) for a its valuein terms of 
b and e, reducing and elliminating b from both sides of the 


: : 2r 
equation, we have, calling Tr = db 
pT? 
3(1—e*) 3 — 22 =a ae 
— (3 — 2e MN bcd. sin e+ q=—0 (8) 


e 


Since g is known from the rotation period and the mean 
density, we can deduce the oblateness y consonant with 
homogeniety in series as follows:— 


cae e 3e° 15e7 35e° 
sine =e + -—- + 40 + 336 + 4152 +> 
‘ ss a? — pb? 
also since 2 = 7 
a-—b we a—b 
‘= , and e, the ellipticity, } 
a - ) 
we have e? = 2n — n? = 2e — 82 + te? —, 
whence 1— @& =1—2n4+ P= 1 — 2 + Be? — 4 + 
and 


Yi-é@=i—eei-—-1+e—e+ 


Making the various substitutions in the equation (8) we get 


4 , 250 . , 
q= 15 7— 35 rr 1641 y” approx. (9) 
8 68 . 61 bs 
= 15 e405. ~ + 100 oe apps. 


approx. referring here to the third term. 


10. We may now reverse the series by the method of un- 
determined coefficients and get » or « in terms of gq. 


If g= ain + aor? + azn, &c., 


then if the series be convergent 
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n = bq + bog? + byq® &e. 





and we get 
(a,b; — 1) q+ (ai by + agb,?) q? + (arby + 2arbi bo + ayb,*)q®, &e. =0. 
Since q may have any value within the limits of convergence, 


the coefficients of this series must be identically zero. As 


the first equation a)b; — 1 = O determines ); all the other 
b’s are determined seriatim. 
In this manner we find 


15 675 


1="— I+ go6 7+ 2.48 q® approx. (10) 


15 
or e="g 9+ 4.27 a + 11.96 q® approx. 


11. The ratio ¢ of the centrifugal force to gravity at the 
equator is 


2rpaq 





= re sin —le V1i-—-e\ : 
V1 —2?. 2rpa . ta ) — 2mpaq ; 
a 


9 
e 


substituting for q and e their values in y or ¢« we get 


4 > 
$= 5. 7-— 7 nm &c. (11) 


or reversing, for the condition of homogeniety, 


5 5 


» 
1= qa ?+ goq & & 


5 355 


c= yp?tooy % 


0 


q+ 9 @ approx. 


~ Ww 


also ‘= 


« 


12. For the Earth 
q = .00230. 


For any other planet its g, or qi can be found from the 
equation 


pT* 
j= aT? 7 (12) 
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in which the unaccented quantities refer to the Earth, the 
accented to the planet. 
In this manner we get for homogeniety the following table:— 








? | 
| q n o in terms T 
of water. in hours. | 
~ 1 1 - - a 
NIDD viniinicsachonnas .00230 231.7 589.6 5.527 23.933 
| oe 1 1 ne i 
DI sasinsssceccnsssces .00306 174 017.5 3.924 24.623 
| 
Bs | ae 1 1 ie 7 ee 
MARIOS 0 ascssesesecese | .05686 | 9.13 Tia 1.322 9.842 
| == 1 | 1 [Ome | or | 
ID csccicasarnnnt 10177 $97. 6.23 0.685 | 10.22 | 
| S 2 





using the latest determinations of the rotation spins at their 
equators, and of their several mean densities. The decimals 
of the second and third places in the values of p are given 
merely for the computation. 

13. Comparing with these values of » the actual observed 
oblateness » of the same planets, which are 


OER ssi ccvscsnanss ae 


BODOG si ccics cccecceses ——s 


we see that none of these planets are homogeneous, but that 
the inner and smaller come nearer to it than the larger and 
outer ones. 

14. Turning now to the other limit for the law of density, 
to wit when its rate of change is infinitely great from surface 
to center, we note in the first place that this condition corre- 
sponds to where all the matter composing the body is con- 
centrated at the center. There is in this case a kernel of 
infinitely dense matter of infinitely small volume constituting 





* Deduced from the mean of H. Struve’s two determinations of the diam- 


: 1 
eter 1894, 17”.52 at dist. 9.539 and of his oblateness 95 
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a finite mass. The curve expressing this distribution, instead 
of being a straight line parallel to the axis of abscissae, as for 
homogeniety, is asymptotic to the two axes of codrdinates. 

Here again the forces are all functions of the distance, and 
p is constant till it becomes infinite at the center, a mere point, 
being throughout a function of the distance. Throughout 
the volume, therefore, the conditions for equilibrium hold. 

15. To find the resulting oblateness in this case we shall 
proceed as follows:— 

Suppose as before two canals from surface to center, the 
one polar, the other equatorial. That equilibrium should exist 
between the two it is necessary and sufficient that the pres- 
sures produced by the fluid in these two canals should be equal. 
This will give us the polar and equatorial diameters and 
consequently the oblateness, whether the figure of equilibrium 
be a spheroid or not. 

The pressure produced by a portion dp of the polar canal 
at the point p is 


r . dp, 


where P is the accelerated force, the section of the canal 
being supposed unity. 

16. Let u denote the whole pressure at the point p. Then, 
since pis reckoned from the center, an increase of distance dp 
decreases the pressure by P.dp. Whence. 


du= —P. dp. 


Since all the matter is supposed condensed at the center, 


M 
=>. 
Pp 
= M 
and da=— p dp , 
M ’ 
whence _ +C., 


P 


The pressure is nothing at the surface, therefore 


or cC=— 


At the center therefore, 
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— — M — 
a= ate where p = 0. 


Similarly the pressure from an equatorial canal is 


M 41? 
du = — ( 7 - Pp ) dp 
= M 2Qr? . : 
a=+ p + T2. Pp + C, 


and the pressure at the center 


M M 27? Qn? 


a; + T P- T? a’ where p = O¥ 


whence, since the two pressures are equal, 


M M M M_ =_— . 7 F 
a" S=3 "Ss + pT Pp & (13) 


It might seem at first asif the term vitiated any solu- 


tion. For becoming infinite when p = O we have in our 
equation infinite terms side by side with finite ones from which 
no conclusion could be drawn. 

17. But let us look into this more closely. As the radius p 
of the kernel contracts to its limit zero, the ratio of the cen- 
trifugal force to the equatorial attraction itself decreases to 
zero, since the one force depends on p directly, the other on 
its inverse square. In consequence the polar and the equatorial 
forces tend to equality as they severally tend to infinity. At 
the limit the terms so introduced therefore cancel each other. 
The kernel in fact becomes perfectly spherical. 


: M , . 
Transferring these terms > to the same side of the equa- 


tion, we have 


| 
since the term aR p’ at the limit = 0. 


A ptends to zero, the left side eventually becomes 


M M 


—oo — ©; 
Pp — Pp j 
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pM—Mp 0. 
Y = io 


or reducing, 
differentiating twice we find 
) 
2 
and our equation becomes. 
M \ 
. vt fe (14) 
2r : : 

18. Let gq = oT?’ as before, p denoting what the mean 


density of the mass M would be if that mass were spread 
uniformly over the spheroid. 


Then 
q atl 2r° 2r? 
4na*b = 4mpa®bT* ~~ ers 
and ~~ .. 8§ Mw 
T? *@ 4° bs 
Our equation thus becomes 


or i ft. * 





which since b=a(1—m), where m is the oblateness of the 
spheroid in this case, gives 


m= (15 


The simplicity of this result is very remarkable. 

19. As Hamy has shown, the figure of equilibrium in the 
general case is not composed of concentric spheroids. In the 
actual cases of the planets it is not so for another reason, 
to wit: that in the Sun, Jupiter, and Saturn, different lati- 
tudes rotate at different rates. As the equatorial spins are 
the fastest, this tends to flatten them more in mid-latitudes 
than would otherwise be the case. But the want of a spher- 
oidal figure does not affect the limits of the oblateness, for in 
any case the spin must decrease to nothing at the poles. 

20. Evaluating now m for the several planets we find for 
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their oblateness at the lower limit, corresponding to central 
condensation, the following amounts which are set opposite 
their values of » for homogeniety and their actual observed 
flattenings m. 





n. m2. m bo. 
; 1 1 1 1 
Earth 231.7 579.7 2975 5792 
1 1 | 1 
Mars 174 436 190 435 
Jupiter 9.13 23.4 15.8 22.8 
1 1 1 LU 
Saturn 4.97 13.1 9.5 12.5 


21. To see how this value of » compares with Clairaut’s 
approximation to it to terms of the first order in the ellipticity, 
we shall express y in terms of ¢. 

Since 


15 675 
1="g I+ G96 T + 


»=54 m + 3 mm", Very approx.; 
whence, combining this with equation (11), we get 


209 


@ = 2m + 210 no? + = 2, + m*, very approx.; 
and reversing, 
1 209 1 
ne ~ ot 1680 f&e. =z 6 — q@ , very approx. (16) 


We thus find accordance between the two results to the first 
order of approximation, and also how to evaluate the neg- 
lected terms in his result, 

The two limiting values of the oblateness corresponding, the 
one to homogeniety, the other to central concentration, in 
the matter constituting the planet, give us an insight into 
the present distribution of that matter. The upper limit is 


5 , , 
very closely 4 ¢, and therefore depends upon the ratio ¢ borne 
4 


by the centrifugal force to gravity at the equator in the homo- 
geneous state. The lower limit, on the other hand, depends 
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directly on q, that is on the rotation spin and the mean density 
of the body, or what would be such were the mass distributed; 
in other words, on the planet’s spin and mean density only. 


. 1 ; , : 
It is somewhat less than $ and increasingly so, as the spin 


increases and the density diminishes. 

If now we compare the observed oblateness with its possible 
extreme values, we can get a criterion of how the matter is 
distributed. For each planet respectively the limiting values 
and the actual oblateness in terms of ¢ are:— 


n. N2 mm. 
Earth 1.25 and 50 .973 
Mars 1.25 @ a .50 > 1.145 @ 
Jupiter 1.25 @ “i AS7 p 726 
Saturn 1.25 = 476 .66 


Thus the percentages of m in terms of »— are: 


Earth .63 Jupiter .38 
Mars .87 Saturn .24 


Here a marked distinction shows itself between the major 
planets and the terrestrial ones. The major are from a quarter 
to three-eights way from the central concentration to homo- 
geniety, while the terrestrial ones show the opposite relation. 
Now when we consider the small mean density of both Jupiter 
and Saturn we see that this means that tenuous matter occu- 
pies a large part of their volumes; that they consist of a more 
or less dense fluid kernel surrounded by a vast shell of gas. 
Also that we never see what may by courtesy be called the 
surface of their globes. For the dark cherry-red portions of 
what we perceive in the telescope lie very nearly as high as 
the brighter portions, and cannot therefore be of much denser 
material. 

A secondary consideration from the table implies that the 


observed flattening of Mars, is probably a little too 


1 

190 ° 
1 ' , , 

large and that 300 OF ©YE" 579 iS neater the truth. This 


seems to be corroborated by the fact that its oblateness as 
deduced by H. Struve from the motions of the apsides of the 


satellites is , and for some unexplained reasons the values 


1 
190 
of the oblateness of planets so deduced seem always to be a 
little too large. That of Jupiter from the actions of his 
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Pa , 1 
satellites is an example of it. For these range from igs for 
0 
: 1 . : : 
the earlier to 155 for the later values; while the flatening 
0 

observed is ——— 
15.8° 


Thus the theory helps us to a determination of the distribu- 
tion of the matter composing a planet, which since we cannot 
get inside it, would otherwise remain unknown. 

One corrolary from this investigation is important. It will 
be noticed that the limits between which the oblateness of a 
planet can lie are perfectly definite, depending solely upon the 
planet’s mean density and axial spin, the mean density in its 
turn being determined by the volume and the mass. Now 
these quantities are very accurately known for Mars, the mass 
and volume to within a small fraction of their actual values 
and the rotation period to a fiftieth of a second. Consequently 
any determinations of his oblateness differing sensibly from 
a. on the one hand or 
174 

1 1 : a 
as go Or 7=— are self-confessedly erroneous and, if the meas- 


on the other—such for instance 





_ 1 
436 


ures be accurate, imply imperfect views of the disk. 

The same within their limits is true of the other planets. 
Not only are certain values for the oblateness impossible but 
any approaching such are to be looked upon with grave 
distrust. 

Boston, Mass... January 15, 1910. 





AN AMATEUR’S OBSERVATORY. 





DAVID E, HADDEN. 





The writer having recently completed the erection of a small 
observatory, it was suggested that a picture and description 
of it may be of interest to some other amateur who may wish 
to build an efficient observing house at a moderate expense. 

The present building has a diameter of only 9 feet, but is 
amply large for the proper mounting of the 51-inch refractor. 
In designing it other considerations besides the expense had 
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to be kept in mind. I wished to make it ascompact as possi- 
ble, owing chiefly to the limited room on the residence grounds 
and its proximity to other buildings. The foundation of the 
building ‘consists of a bed of concrete on which was placed 
circular cement blocks, these were built to a height of about 

















PRIVATE OBSERVATORY OF D. FE. HAbDEN. 


7 feet above the level of the foundation. On top of these blocks 
a local carpenter, Mr. O. P. Dagger, designed and built the ob- 
serving room proper with its revolving dome. These were built 
of lumber and firmly bolted to the cement blocks by iron bolts. 
The floor joists were made of 2x8 pine planks and suitably 
cross-braced, uprights of 2 x 4 were placed around the circum- 
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ference about one foot apart, to which ordinary house siding 
properly grooved was fastened. On the interior, %4 inch bass- 
wood ceiling was nailed lengthwise in a circle. This method 
of construction resulted in a very rigid structure which has 
not warped or deviated from a true circle in the least. The 
plate on top was made from several thicknesses of lapped pine, 
strongly spiked to the 2x 4 uprights; the frame and ribs of 
the dome were cut from one-inch pine boards and all pieces 
sawed to a circular diameter of nine feet; the covering is of 
tin, painted both inside and outside, nailed firmly to the ribs 
and all joints or seams carefully soldered; the opening is 18 
inches wide and the slide glides over the dome on suitable 
tracks and is manipulated and fastened down by ropes. The 
dome revolves on large glass balls placed ina V shaped track 
on the plate of the building and a similar track on the bottom 
of the dome. In this track a quantity of petrolatum was 
placed, which serves to render the motion smoother. The 
performance of the dome so far, has been quite satisfactory, 
but eventually I expect to place it upon a proper iron track 
with wheels and running gears. The entire height of the build- 
ing to the top of the dome is about 18 feet. The upper room 
is reached by a small stairway on the inside, opening by a 
trap door which is closed while observing. 

The telescope is equatorially mounted on an iron pillar stand 
which is bolted to the floor. It is supplied with clockwork 
and slow motions and was made by Gaertner & Co. The 
instrument is supplied with polarizer for solar work, grating 
spectroscope, position micrometer and other pieces of apparatus, 

The lower room has a cement floor and is well lighted by 
two windows. It has room enough for a small desk, folding 
chairs and a 94-inch reflecting telescope which can be wheeled 
out in the open air when necessary. This instrument is largely 
home-made. The optical parts are by Brashear and consist 
of the 914-inch mirror and a hyperboloidal secondary mirror 
for use when the instrument is used as a Cassegrain, also a 
diagonal mirror to be used in the usual Newtonian form. 
The tube is of the open pattern and is built up with 34-inch 
steel tubing. 

The rooms are electric lighted, a dim-a-lite lamp being 
placed in the observing room and the light dimmed or ex- 
tinguished while observing. 

The illustration accompanying this article is a view of the 
new building taken from the southeast, showing the opening 
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of the dome towards the same direction. In the background 
of this picture is seen the smaller observatory which has done 
duty during the past 15 years or more and where some of the 
pleasantest hours of the writer’s life have been spent in seeking 
to learn more of God’s great handiwork—the universe of stars 
and Suns. 

In this smaller building was first mounted a superb little 
3-inch telescope on an equatorial mounting which was _ pur- 
chased from Dr. J. A. Brashear and the writer will ever cherish 
as part of life’s sweetest memories his first glimpse through 
such an instrument from a masters hand. This was later 
replaced by a 4-inch by the same maker. 

The work carried on during leisure moments snatched from 
a busy business career, has been mainly devoted to solar work 
and variable stars. A series of sunspot records begun in August 
1890, has been continued until the present time, these obser- 
vations have been published from time to time in POPULAR 
ASTRONOMY and other journals. In addition a complete me- 
teorological record has been kept for the U.S. Weather Bureau 
dating from January 1st 1890. 

Alta, Ia. Nov. 14, 1910. 





SOME INTERESTING BINARY STARS. 





J. MILLER BARR. 





Modern spectrographs have brought to light, among the 
brighter stars, a surprisingly large number of binary systems.* 
In such systems the component stars revolve about their com- 
mon center of gravity in periods ranging from a few days, or 
even a few hours, to several years. The spectroscopic pairs 
are thus, in general, much closer than the visual binaries with 
which astronomers have been familiar since the days of Sir 
Wm. Herschel. Yet we cannot doubt that the two classes of 
objects are most intimately related. Several binaries have, 
indeed, been discovered, which form connecting links between 
the ordinary visual and spectrescopic pairs. And a careful 





* A large proportion of the known spectroscopic binaries are brighter 
than the fifth magnitude. About one star out of every six or seven has 
proved tu bea binary system. Among stars on the Orion tvpe the proportion 
of such binaries is ‘‘not less than 1:3,’’ according to Professor Frost. 
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survey of the whole subject, leads us almost irresistably to the 
conclusion that these diverse stellar systems have had a simi- 
lar origin—that they represent different stages in an orderly 
and harmonious process of development. To discover the 
nature of this process—to point out, at allevents, the broad 
lines along which the stellar systems have been evolved—is 
one of the most fascinating problems of modern astronomy. 
The problem is one of great complexity—as may be inferred 
from the widely divergent results obtained by leading investig 
ators who have grappled with its difficulties. Yet it may be 
possible, as we shall presently see, to obtain much new light 
on the subject, to secure direct evidence, such as may enable 
us to decide between the rival theories here referred to. 

A few examples may serve to illustrate the wonderful variety 
which is found among these revolving stellar systems. Let us 
take, first, the binaries of short period, which are of special 
interest from our present point of view. 

A very notable case, historically and scientifically, is that of 
the famous variable star Algol, the most familiar object of 
its class in the heavens. It was Goodricke, in 1783, who 
brought to light the periodical changes in this star’s lustre; 
_and he suggested that these changes might be due to the inter- 
vention of a dark body revolving about the star. This view 
was confirmed, nearly a century later, by a study of the star’s 
light-curve.* Still later, viz. in 1889, Vogel found from measur- 
ments of spectrograms taken at the Potsdam Observatory 
that Algol was actually revolving in an orbit in conformity 
with the eclipse-theory. This orbit is nearly circular, its radius 
being about 1,000,000 miles.+ Assuming that the two 
bodies are equal in mass,t we find that the bright star is 
about 940,000 miles in diameter, while the dark companion 
has a diameter of 720,000 miles, nearly. 

The system of Algol stands first, in the order of discovery, 
on our list of known spectroscopic binaries. This list now 
includes more than 200 stellar systems. Among them we find 
several other ‘eclipse variables’; also a number of variable 





* E. C. Pickering, Proc. Amer. Acad., vol. xvi., (1881) p. 27. 
tL 


+ Publications of the Allegheny Observatory, vol. i., No. 5. Algol must 
now be regarded as a triple system, spectrographic observations having 
shown that the “eclipsing-pair” is revolving about a distant center in a 
period of 1.9 years. (Astrophysical Journal, Sept., 1908, p. 150). 

= This assumption is probably near the truth, as the eclipsing body is 
doubtless of greater density than its bright primary. 
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stars of the type of 6Cephei. We are thus apparently justified 
in assuming that all variable stars of short period represent 
binary systems in more or less rapid motion. 

Exceptional interest attaches to the closer binaries—those 
in which the component stars appear to revolve almost in 
contact with one another. £8 Lyre U Pegasi, and £ Cephei 
are examples of such close revolving systems. The period of 
B Lyre (12.92 days) is relatively long for an object of this 
class. It follows that the mean density of the system must be 
quite small—‘‘somewhat less than the density of air,” accord- 
ing to Myers.* This star is one of the best known variables 
in the sky, its light-changes having been detected by Goodricke 
in 1784. It is the chief representative of a most interesting 
type; the components being unequal in size and brightness, 
so that their mutual eclipses give rise to a double light-curve, 
with two unequal minima in each period. U Pegasi is another 
variable of the same type, but with a much shorter period, viz. 
8 hours 59.7 minutes. Hence we must infer that the two bodies 
composing this system are much denser than the components 
of B Lyre. A similar remark will hold good for the system 
of B Cephei, whose period of revolution—about 4 hours 34 
minutes—is the shortest hitherto found for a_ spectroscopic 
binary.? ‘ 

In striking contrast with the systems just described are 
those of the visual binaries, whose periods range from several 
years to unknown centuries. These visual pairs include some 
of the most interesting and wonderful objects in the heavens. 
Among them is a Centauri, our nearest neighbor in the stellar 
universe. The period of this system is about 81 years, and 
the orbit is decidedly elliptical. The mean distance between 
the two stars is about 2,160,000,000 miles, or more than 23 
times the distance which separates us from the Sun. The 
chief component is remarkable for its similarity in mass, 
brightness, and chemical composition, to our Sun. Another 
system, with a much longer period (probably about 347 years?) 
is that of Castor, the most conspicuous double-star in the 
Northern Hemisphere. The orbit is an ellipse of moderate 
eccentricity. Each of the bright components has proved to be 
a spectroscopic binary; the periods of revolution being respect- 








* Astrophysical Journal, Jan., 1898, p. I 
+ Ibid, Nov., 1906, p. £59. 
t Doberck, Astr. Nach. No. 166, (1902) p. 145. 
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ively 2.93 and 9.22 days.* Hence we must now look upon 
Castor as a “double-double” star—the most remarkable of 
known quadruple systems. 

The orbits of the short-period binaries seem, in general to 
be very nearly circular, while those of the visual binaries of 
long period are more or less decidedly elliptical. The signifi- 
cance of the relation becomes evident when we deal with the 
cosmogonic problem presented by these stellar systems. 

More than a quarter of a century has elapsed since G. H. 
Darwin propounded his now famous theory of Tidal Evolution. 
As is well known, this theory was originally advanced in 
explanation of the Earth-Moon system; but the principle was 
subsequently applied to the stellar binaries by Dr. T. J. J. See. 
“According to that theory, the components of each revolving 
pair were formerly united; their separation having been 
brought about by the rapid rotation of the original mass, due 
to its gradual condensation. Owing to tidal friction, the 
bodies thus formed by disruption of the parent mass would, 
in course of time, become more and more widely separated. 
Thus the closer spectroscopic binaries, such as 8 Lyre or Algol, 
represent early stages in the evolutionary process; while the 
visual pairs, whose periods range from a few years to several 
centuries, exemplify much later stages in the same process. 
An important confirmation of this theory is afforded by recent 
researches on the period and light-curve of 8 Lyre.’+ It should 
be added that the principle of tidal friction accounts fully for 
the difference in form between the stellar orbits of long and 
short period, as already noted. 

The ‘fission theory,” as described above, has been adversely 
criticised in recent papers by three well-known astronomers— 
Chamberlin, Moulton,§ and See.|| Dr. See, whose name had 
for many years been honorably associated with this theory, 
has greatly modified his former views on the subject. He now 
holds that the components in the closer pairs were originally 





* The longer period is that of the brigh.er star a, Geminorum. (‘‘The 


System of Castor,’’ Astrophysical Journal, June, 1906, p. 351) 

+ Note on the Increasing Period of $8 Lyre by Dr. Alex. W. 
(Observatory, Feb., 1906, p. 98.) The quotation given above 
writer’s paper on ‘‘The Study of Variable Stars’’ (Canadian 
andbooHk for 1907; Popular Astronomy, April 1907, p. 217) 

t Carnegie Institution, Publication 107, p. 167. 

Ibid. p. 157. 

Astr. Nach., 4341-42; Popular Ast:onomy, Nov., 1909, pp. 538-544. 
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separated by much wider distances. Their orbits, while thus 
contracting in size, have also become much less elongated in 
form. These changes, according to Dr. See. are due to a “re- 
sisting medium” in which the stars revolve. 

Per contra, the fission-theory receives strong support from 
known facts relating to the multiple stars—as Mr. Henry 
Norris Russell has recently pointed out.* Moreover, the ob- 
jections urged against this theory by Professors Moulton and 
Chamberlin seem to rest upon a very slight foundation.+ 
Mr. Russell concludes that the fission theory ‘‘may well be 
adopted as a working hypothesis until some evidence, either 
observational or theoretical, is produced to oppose it.” 

I have already referred to the possibility of obtaining new 
light on this important subject. It would seem, in fact, that 
the fission-theory may be subjected to a crucial test by deter- 
mining the periods of close binaries at various epochs, with a 
view to the detection of gradual or ‘‘secular’’ changes. There 
are two well-known cases in which such changes have undoubt- 
edly occurred. The period of 8 Lyre has slowly increased in 
conformity with Darwin’s theory. Per contra, the observa- 
tions of 8 Cephei show a gradual decrease in the period of 
this variable. In other cases (as that of Algol) the period is 
subject to changes of a recurrent or cyclical nature. If, how- 
ever, we take a sufficiently large number of binaries and dis- 
cuss their periods in the manner suggested, it is clear that 
the influence of cyclical changes will, in the mean, be eliminated. 
We should then be able to say whether, on the whole, the 
periods of such binaries are increasing or diminishing. This 
would be an important step in advance; and it is hoped that 
such a step may be taken in the near future. 

From our present standpoint, peculiar interest attaches to 
the spectroscopic binaries and variables of very short period, 
such as B Cephei, XX Cygni, or W Urse Majoris. In such 
cases, the influence of tidal friction might well become percepti- 
ble even in the course of a few years. As an example, we 
may take the system of 8 Cephei, whose approximate period 
is 4" 34". A secular change in the period of only ten seconds 
per century (i. e., 0°.1 per annum or 0*.00005 in each revolution) 
would in ten years cause a large time-shift—about 2" 40"— 
in the occurance of a given phase. The continued observation 





* “On the Origin of Binary Stars,”’ Astrophysical Journal, Apr.1910, p. 185 
+ Ibid., pp. 203-207. 
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of such close systems is thus likely to yield results of great 
theoretical value. It is quite probable that some of these 
close systems may have been formed—presumably by disrup- 
tion of stars in rapid rotation—within historic times. Astron- 
omers, indeed, may vet have the privilege of studying in detail 
those special changes in brightness or spectral quality which 
doubtless occur at the birth of a binary star. 
St. Catharines, Ont. 
May 10, 1910. 





BROOKS’ PERIODIC COMET. 





RALPH E. WILSON 





Contrary to general expectations, Brook’s Periodic Comet, 
after being torn apart by the actions of Jupiter and its sat- 
ellites and steadily diminishing in size for thirty years, has 
again been discovered as a small nebulous object, so faint as 
to be discernible in only the largest telescopes. This comet is 
interesting not only because of its short period, about seven 
years, but also because of the striking example it presents of 
the action of a planet in the dissolution of a comet, which 
may pass near it. 

This comet was discovered on July 6, 1889, by Professor 
W.R. Brooks at Geneva, N. Y. At the time of discovery, it 
was about 1’ in diameter, slightly elongated and of about the 
11th. magnitude. During two weeks of cloudy weather, which 
followed the discovery, it brightened considerably and devel- 
oped a quite clearly defined, short, wide tail, while at the 
extreme front of the head was a definite stellar nucleus. It 
was on August 1, that Professor Barnard, then at Lick Obser- 
vatory, discovered “two small nebulous bodies following the 
head but preceding the comet in space’’. It seems that Profes- 
sor Barnard had made a systematic examination of all the 
comets between 1882 and 1889, to see if any of them had 
companions as had the great comet of 1882. This was the 
first success which attended the search and the astronomical 
world followed with great interest the actions of these com- 
panions. Their positions relative to the main nucleus were 
measured and two nights measures were sufficient to show 
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that they really did partake of the comet’s motion. On Aug- 
ust 3, two other companions were discovered. These were 
very faint and soon disappeared but the two first discovered 
developed into miniatures of the main comet, each having a 
nucleus and a faint tail about 1’ in length. 

For the first two weeks both companins seemed to be reced- 
ing from the main nucleus; later, the first companion became 
stationary while the second continued to recede. The first 
companion broadened out, its light became more diffused and 
it finally merged with the main body of the comet; the second, 
on the other hand, increased in light as it receded from the 
main body. A month after its discovery the second companion 
was brighter than the main body and still receding from it. 
In another month it had begun to approach the main nucleus 
again. Later its tail disappeared and its nucleus became 
larger and more diffuse. On November 14, observers with the 
23-inch equatorial at the Princeton Observatory could still see 
the companion at about 5’ from the main head but it was 
too faint for measurement. 

What was the cause of this remarkable disruption of the 
comet? In the Astronomical Journal No. 205 Professor S. C. 
Chandler publishes calculations which go to show that prior 
to 1886 the comet was moving in a comparatively large orbit, 
with a period of 27 years; the aphelion of the orbit lay out- 
side of Saturn’s orbit and the perihelion was very near to the 
present aphelion distance. The close approach to Jupiter in 
1886 resulted in a startling change in orbit. The comet was 
deflected from its orbit about the Sun into an hyperbolic orbit 
about Jupiter and remained under control of the latter body 
for more than eight months, until the Sun’s action slightly 
overbalanced that of Jupiter and the comet took its present 
path around the Sun. At the time of its nearest approach to 
Jupiter, the comet was within the orbit of the first satellite 
and may even have touched the surface of the planet itself. 
It is practically certain that the unequal attraction of the 
planet and its satellites on the diffuse mass of the comet 
caused the disruption and brought about the separation of 
portions such as were observed during the apparition of 1889. 

The return of the comet in 1896 was announced by Javelle 
of Nice of June 20. The search for companions was begun 
immediately but none were found. The comet was faint and 
this may have been the reason for the failure to see any com. 
panions. 
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In 1903 the comet was rediscovered by Professor Aitken at 
Lick Observatory. It was exceedingly faint and was seen only 
in the largest telescopes. Its greatest magnitude was 14 and 
its diameter did not exceed 3’. Search for companions was out 
of question. 

Because of the steady diminution of light from 1889-1903, 
it was thought highly probable that the 1903 appearance 
was to be the last but on September 28 it was again picked 
up by Professors Wilson and Aitken with the 36-inch equator- 
ial at Lick Observatory. It was at the limit of visibility in 
tue 36-inch, and is yet so faint and small that it may not be 
seen with the aid of any but the largest telescopes. 

Looking forward to the appearance in 1917, we can only 
say that it is very probable that the comet will not be seen at 
all. Should we be so fortunate as to even glimpse it in that 
year, it will certainly be the last time we shall see it in its 
present orbit. In 1921it will again visit Jupiter and its fam- 
ily of satellites and will probably there end its existence out 
of sight of earthly eyes. 





THE NEW SUN DIAL OR HELIO-CHRONOMETER. 





W. E. COOKE. 





The advantages of the new sun-dial over those of any other 

form are:— 

1. The divisions of the hour circle are equidistant, and there- 
fore easy to inscribe. 

2. The corrections for longitude and equation of time are 
applied mechanically, and therefore the ordinary clock 
time, or standard time of the State, is read directly 
from the instrument. 

3. The instrument can easily be made by an amateur car- 
penter, and with even rough workmanship may be 
depended upon to give correct time to within a minute 
or two. With ordinary care the error need never ex- 
ceed one minute. 

The following instructions are for a 20-inch instrument with 

a graduated circle of about 101% inches radius. 


The diagrams 
are not drawn to scale. 
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Fig. 1. gives a general view of the mounting. A distinction, 
for purposes of description, is made between the pillar and the 
base. The former consists of a fairly substantial block of 
wood, 24x 18 inches mininum measurement, fixed to the top 
of a stout post and levelled as well as possible. The longer 
side should run approximately east and west. 

The base is a smooth piece of slate or other material about 
2 teet square. Slate is undoubtedly the best, but where this 
is not easily procurable a flat piece of galvanized iron backed 
with wood is almost equally good. Some little care should 
be taken to make the base line straight and quite level when 
in its true east and west position. 




















Post 


FIGURE 1. 


The Circle.—Unlike the ordinary sun-dial, the divisions are 
equidistant, and therefore are easily made. Draw a straight 
line at right angles to the base line, cutting the circles in two 
points, S. and N. (Fig. 2). With the dividers opened exactly 
as they were for drawing the circle, place one point at N. and 
step round the circumference; three equal steps will carry us 
exactly to S. and three more will bring us back to N. Now 
bisect the three spaces on the eastern side (left-hand), and 
again bisect the six thus obtained. This gives us 12 divisions 
of one hour each. Mark the middle one XII, and the others 
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I, II, etc., in succession up to S., which will be VI p.m.; 
also XI, X, etc., in succession downto N., which will be VI a. m. 

The Cross.—This may be made from a piece of 6 x 4% match- 
board 20 inches long. Trim off the edges and cut it lengthwise 
down the center. Then plane up the two pieces and halve 
them into one another to form across. Cut out the scale 


(Fig. 8) and glue or tack it on to the extreme end of one arm 


of the cross, as shown in Fig. 2. Be very careful to see that 
the center line of the scale, if produced, passes through the 
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center of the cross. This is most important. Make a small 


hole through the center to fit a stout nail or screw which has 
been driven into the middle of the base to form a pivot, and 


from which the head has been filed away. This pivot must 


project at least one inch, because not only the cross but also 

the movable pointer shown in Fig. 5 has to swing on it. 
The Uprights.—These are shown in Figs. 3 and 4. They are 

made of the same material as the cross, their dimensions 


being 13x3x'%. They are attached to the cross at AB and CD 
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respectively (Figs. 1 and 2) by means of 6-inch galvanized 
shelf brackets. These should not be screwed down the middle, 
but on one side, as shown, leaving the middle line of each 
upright quite free. If there is the least sign of want of rigidity, 
use two brackets for each upright. 

On the southern upright two fine holes must be bored, and 
on the northern a black thread must be stretched, and it is 
essential that the straight line joining the holes, and the line 
of the thread, should be in a plane which passes through the 
center pivot and is perpendicular to the base of the instrument. 
To obtain this, which is the most important point of all, 
draw first of all a straight line similar to the dotted one in 
fig. 2. The one thing essential about this is that it shall pass 
exactly through the central hole of the cross. It should be 
drawn before the uprights are attached, and the two spots 
where the line terminates at either end of the arm marked, 
so that they may be visible from the outside after attaching 
the uprights. Now screw the uprights in place, and stand the 
instrument on its base, or on any flat surface, and with a set- 
square draw a vertical line on the outside of each upright, 
starting from the two center spots just marked. For greater 
accuracy reverse the set-square and see if its edge agrees with 
the line just drawn. If not, you must draw the true vertical 
line midway between these two. Now bore fine holes through 
the uprights near the top and bottom of each of these vertical 
lines, say an inch from each end on the north upright and two 
inches on the south. On the north stretch a black thread 
along the board from one hole to another and plug tightly. 
It is advisable to insert a piece of white paper between the 
thread and the wood, and to glue or tack the paper to the 
wood. Before making the holes on the south upright bore two 
large holes (say half-inch) nearly through from the inside, so 
as to leave only a shell, and then make the small hole from the 
outside, using for preference a red-hot piece of wire in place of 
a gimlet, as this makes a cleaner hole. Practice first on a spare 
piece of wood. 

The Pointer Arm (Fig. 5).—Make this also of 3 x 1, 20 inches 
long, with a hole through the center to fit over the pivot on 
the base. Cut out one end as shown to a distance of 31% inches 
and tack on a piece of wood, which should project below so 
as to nearly touch the base when in proper position. This 
should be about 3 inches long, bevelled for preference, and 
slightly curved to agree with the hour-circle on the base. 
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Stretch a black thread across the middle of the opening on the 
under side of the wood and in line with the center. At about 
214 inches from the center cut a hole 5, or 34 inch in diameter. 
Now, going back to the cross once more, place the pointer 
arm inits proper position on the cross arm, with the thread 
covering the center line of the scale,and mark a spot at the 
center of the hole just made. Put a stout 2-inch screw through 
the arm of the cross at this spot, from beneath, so that the 
screw is pointing upward. Cut off a small piece (say an inch) 
of stiff wire, hammer it into the slit of the screw-head, and 
countersink the head into the bottom of the cross arm, so 
that the screw will be immovable. Place the pointer arm 
again in position, put a large stiff washer of any sort over 
the projecting screw, covering the %4-inch hole also; take a 
piece of wood suchas theend of a broom-stick bore a gimlet 
hole in it and work it down on the screw point until it reaches 
the washer, thus clamping the pointer arm te the cross. 
Once again set this movable arm so that the thread just 
covers the central line of the scale (which passes exactly 
through June 15), clamp tightly and place on pivot of base. 
Rotate the cross until the central line which passes through 
the two holes of the south upright is exactly opposite the 
figure VI. The pointer arm will now be approximately oppo- 
site the figure XII. We must now attach the seale (Fig. 8) 
to the curved piece of wood which projects from itsend. In 
order to determine the position of the zero or center of the 
scale, subtract the local longitude (expressed in hours and 
minutes) from 8h. and place the zero this much ahead of XII. 
Thus for Perth (long. 7h. 43.4m) it has to be placed a little 
past 12h.16m. For Coolgardie, whose longitude is 8h. 04.7m., 
it must be placed nearly five minutes before XII. 

It will probably be found necessary to trim a little off the 
end of the cross arm in order that the pointer arm may work 
freely. 


Mounting the Base.—The base line must be level (important), 
and lie exactly east and west, and the base must be tilted up 
at an angle equal to the observer’s colatitude (as in Fig. 1). 
The first (level) is easily obtained. Leave the second (Eand W.) 
for a moment. As to the third (tilt), see Fig. 6. Square up 
a piece of wood, and from one corner (G) lay off an angle (B) 
equal to the latitude. If a protractor is not available proceed 
as follows. Let GH be exactly 6 inches. On HK, which must 
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be at right angles to GH, lay off the following length according 
to latitude, viz:— 
Latitude 28 degrees 3.19 inches (3,’, inches) 

Do 29 “ 332 “ (3% “ ) 

Do 30 ” 3.46 “(34 ‘* bare) 

Do 31 “ 360 “ (33 « 

Do 32 “ 375 “ (3) « 

Do 33 " 3.90 “(34 si 

Do 34 “ 405 “ (4, « 

Do 35 = 4.20 “(475 o 
Then cut from G to K, and the angle GKH gives the correct 
angle of elevation. 

Set the instrument up with the base line as nearly east and 
west as possible, leaving the final adjustment for a moment, 
and learn how— 

To read the instrument.—First set pointer arm so that the 
thread corresponds to the correct date on the scale. Then 
turn the cross until the S. end faces the Sun, when a small 
spot of light will be seen on the north upright. Rotate care- 
fully until this spot is exactly bisected by the thread of the 
north upright, and the pointer will then indicate the true 
standard time of the State, without any subsidiary corrections. 

Final Adjustment.—To place the base line exactly east and 
west (very important). For this purpose you must start with 
corrected standard time, which may be obtained from any 
convenient railway or telegraph office. Choose a nice clear 
day. Set the pointer arm at the correct date, clamp it, and 
rotate the cross so that the zero is exactly opposite XII. A 
few minutes before noon commence to follow the dot on the 
N. upright, keeping it on the thread by twisting the whole 
instrument, base and all, upon the top of the pillar, and stop 
at exactly twelve o’clock, correct time. Everything will now 
be properly adjusted, but as a check you should move the cross 
to point to four minutes past 12 and seeif the spot of light 
is on the thread at the right moment. Finally, drive in two 
nails or screws to keep the base line in its proper position. 

You have now a time-piece which will never go wrong, 
requires no winding, and can be depended upon to give the 
correct standard time to within a minute whenever the Sun 
shines. This error, however, may be slightly increased by 
refraction when the Sun is near the horizon. The best time 
compare your clock is of course somewhere near midday, when 
any error due to incorrect elevation will not be noticeable. 

The cross and pointer arm should not be exposed to the 
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weather, but kept inside, and placed on the pivot wnen re- 
quired. For the pivot itself a brass screw is preferable, with 
the head filed off. 

It will be found advantageous to glue or tack small strips 
of leather here and there on the underside of the cross. 

An instrument of this description has been made and mounted 
at the Observatory, and may be inspected by any applicant; 
and I shall be pleased to answer any questions or supply any 
additional information that may be required. 

The scale (Fig. 7) has been given in duplicate so that one 
may be cut off and attached to the cross arm, as shown in 
Fig. 2. 

Perth Observatory, 
Perth, Western Australia. 





THE RADIAL AND TANGENTIAL ACTION OF SOLAR 
DISTURBANCES ON TERRESTRIAL MAGNETISM.* 





T.S. H. SHEARMEN 





That there is a connection of some kind between solar dis- 
turbances and terrestrial magnetism has long been recognized; 
and its existence has now been proved to the satisfaction of 
every astronomer and physicist capable of forming an indepen- 
dent and unbiased opinion. I use the term unbiased because 
one of the greatest authorities (if not the greatest authority) 
on solar matters admitted to me afterwards that (I quote his 
own words), ‘‘I may as well admit that, without meaning to 
be prejudiced, I really was so.’’ This great man, whose puri- 
fied spirit has now gone to that Beautiful City whose Light is 
brighter than the beams of ten thousand suns, candidly ad- 
mitted his error. Men of lesser note have given in their adher- 
ence within the past decade, but have called their conversion a 
new discovery! But I am anticipating. . 

Notwithstanding the convincing nature of the evidence ad- 
duced in support of this connection, there were several astron- 
omers and physicists of note who persistently opposed all 
progress in the investigation, and among these names I am 
sorry to include Lord Kelvin and the celebrated French as- 
tronomer Faye. In 1885, however, Faye accepted the conclu- 





* Paper Presented to the British Columbia Academy of Science, Nov. 1910 
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sion, but Lord Kelvin, so late as November, 1892, in a presi- 
dential address to the Royal Society said, in referring to the 
magnetic storm of June 25, i885, that, during the eight hours 
of its continuance ‘fas much work must have been done by 
the Sun in sending magnetic waves out in all directions 
through space as he actually does in four months of 
his regular heat and light. This result, it seems to me, is 
absolutely conclusive against the supposition that terres- 
trial magnetic storms are due to magnetic action of the 
Sun, or to any kind of action taking place within the Sun, or 
in connection with hurricanes in his atmosphere, or anywhere 
near the Sun outside. It seems as if we may also be forced to 
conclude that the supposed connection between magnetic storms 
and sun-spots is unreal, and that the seeming agreement be- 
tween the periods has been a mere coincidence.”’ 

Mistaken Lord Kelvin! Magnetic storms that to him were 
‘absolutely conclusive” against a bond of sympathy between 
Sun and Earth, were to me, and afterwards to others, the 
strongest possible evidence in support of the reality of the 
connection. Lord Kelvin and others held the view that it 
was impossible for magnetic action to proceed from restricted: 
areas of the Sun’s surface. In opposition to this, my observa- 
tions proved, a third of a century ago, that certain portions 
of the solar surface threw out magnetic beams, if I may use 
the term, and that when these beams were parallel to the 
Earth’s radius vector a disturbance of terrestrial magnetism 
takes place. 

As the object of this paper is historical, rather than descrip- 
tive, I will briefly relate the events connected with my original 
announcement. 

In the.year 1871, whilst still young in years, I began record- 
ing the occurence of the aurora; and it is interesting to one to 
note that whilst these first records were made in my small 
boyish diary, my latest record (October 24, 1910) is written 
in the register of the Dominion Meteorology Service, for, as a 
representative of that service it is one of my official duties to 
keep a record of the aurora. I have, therefore, a personal 
record of the aurora for forty years, and, very fortunately, my 
place of observation in the early years of the investigation 
was in Ontario. Had I commenced my observing career in 
England (the land of my birth) or in British Columbia, or in 
the Southern States for instance, I should not so readily have 
detected the relationship between the positions of spots on the 
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solar surface and the aurora. The distribution of the aurora 
at different points of the Earth’s surface is not uniform, being 
very frequent at ashort distance from the magnetic pole and 
of rare occurrence at the magnetic equator. The magnetic pole 
is, therefore, surrounded by what Nordenskiold picturesquely 
calls the ‘‘aurora-glory.”’ At a certain definite distance from 
this ‘‘aurora-glory”’ the true effect of extra-terrestrial control 
is manifest, unimpaired by local conditions. As it was my 
great good fortune to live at the proper critical distance from 
the magnetic pole I was able, so to speak, to see the method 
whereby the Sun controls the magnetic forces of the Earth. . 

My observations, and the tables which I prepared from past 
records, showed an obvious connection between terrestrial 
magnetic storms and the position of Solar Spots in reference 
to the Earth’s Radius Vector. To complicate matters how- 
ever, I soon found that spots have a tendency to form 90° of 
solar longitude apart, so that quite frequently when a spot 
was at the center of the disk, another one would be found 
either at the east or west limbs, or in all three positions. In 
fact, in some cases an active disturbance at the central merid- 
ian was invisible with low telescopic power whilst a large spot 
ina decrepit state was obviously visible at the limb. This fact 
‘aused some confusion at first, but the main conclusion was 
unchanged. The question regarding the tangential action will 
be discussed in a future paper. 

Immediately after reaching the main conclusion I wrote to 
Professor C. A. Young, calling his attention to my discovery 
and asking whether the idea had ever been put forth by otlfers, 
for I could find no reference to it in the astronomical literature 
within my reach. No answer came, and Professor Young 
afterwards admitted that he took for granted that what I had 
pointed out was merely a coincidence. I then published my 
results in the pages of the only journal in Canada at that 
time giving prominence to astronomical news, thus securing 
my right to priority in the matter, whilst at the same time 
escaping the ridicule of those who at that time derisively 
alluded to such investigations as ‘‘sunspottery.’”’ A decade 
rolled by and then Professor Young accepted this discovery 
at the hands of someone else. As soon as he published his 
acceptance of this connection and giving the name of another 
as the discoverer, I wrote to him for an explanation. Accom- 
panying my letter was one from the publishers of the Canadian 
paper in which my announcement had appeared giving an 
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invitation to inspect the bound volume containing tbe paper 
in question. I also sent my original tables and conclusions a 
second time to him. To this letter he sent the following reply: 
Princeton, N. J. 
March 22nd., 1891. 

Dear Sir:— 

Your letter of the 13th., with its enclosure, is 
duly received, and fully justifies your claim to have arrived at 
the idea that the action of Solar disturbance on terrestrial 
magnetism is connected with the [angle of] visibility of the 
spot from the Earth. Whenever I have occasion to print any- 
thing further on the subject I will gladly mention this early 
paper of yours....... I hope you will take measures to publish 
your results with the data upon which they depend, as soon 
as you are able, in the pages of some astronomical journal,— 
‘‘The Observatory” of London for instance, or ‘‘The Sidereal 
Messenger” in this country. That would at once put your 
ideas into form for discussion and confirmation or rejection 

Yours very truly 
C. A. YounG 

Professor Young, in the 1896 and subsequent editions of his 
book “The Sun” alludes to my work as follows:—‘'We find 
also, asShearman, of Toronto,...[has] pointed out, that auroras 
often run in series, so to speak, following each other for 
several months at nearly regular intervals of [27-28] days, 
which is very closely the period of the Sun’s apparent equator- 
ial (synodic) rotation. This of course makes it more or less 
probable that their appearance is connected somehow with 
the way in which certain portions of the Sun’s surface present 
themselves to the Earth’’...... 

Yet, in spite of this and my publication of a special work on 
the subject in 1892, there was, for ten years afterwards an 
almost annual re-discovery of the connection. These re-discov- 
eries were, however, merely the conversion of certain individuals 
who then saw for the first time in its true light the meaning 
of what I had indicated so many years ago. 

I hope, however, now that Professor Hale has confirmed my 
original announcement by his detection of the ‘Zeeman effect’ 
in spot spectra, that we may hear no more of these annual 
‘‘re-discoveries”’. 

In my next paper I will deal with the details of this connec- 


tion and its application to Venus and other planets and to 
comets. 


Vancouver, B. C., Canada. 
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THE DETERMINATION OF STANDARD TIME. 





Cc. H. GINGRICH. 





Although Astronomy, from the earliest time to the present, 
has had a host of ardent and enthusiastic students, and al- 
though scarcely a person can now be found who is not pro- 
foundly impressed and deeply interested in the transcendent 
beauty of the sky, if his attention be called to it, especially so 
if he have an opportunity to examine through a telescope the 
numerous objects in the sky that are invisible to the naked 
eye, yet very few know anything very definite about the nature 
and methods of work at an observatory. It is almost univer- 
sally true of visitors, who come to our observatory, that the 
thing in which they seem to feel the keenest interest is the 
method by which accurate time is obtained. This, indeed, is 
quite the natural thing for everyone many times each day has 
occasion to think of time, and this then is the point of closest 
contact that most persons have with the science of Astronomy. 

Since day and night are of necessity determined by the rising 
and setting Sun, the opinion is very general among persons 
who have not inquired into the subject, that time is taken 
directly from observations made of the Sun. We have some 
time heard the phrase ‘‘honest as the Sun,’’ the value of which 
as a figure of speech is greatly diminished when the exact 
movements of the Sun are understood. Of course the move- 
ments of the Sun extending through the period of a year 
are very definite, and of the utmost precision, but they are 
quite variable from day to day. It is not then from the Sun, 
but from the distant and so-called fixed stars that time is 
taken. This at first thought would seem to introduce more 
uncertainty than ever; for the most casual person will ob- 
serve that the sky is not the same at all seasons of the year. 
The constellations that appear at night in winter, for example, 
are not the ones that appear in summer and the positions of 
a star in the sky at the same hour in two successive nights are 
not the same. It need scarcely be said that the constellations, 
such as Orion, that are so brilliant during the winter months 
in this latitude, pass overhead during the summer months in 
the day time, and are consequently rendered invisible by the 
brightness of the Sun. 
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In order to reconcile this apparent variability with the very 
exact and accurate nature of the time that railroads and 
numerous other enterprises require for their successful opera- 
tion, it is necessary to call attention to the fact that there 
are four kinds of time whose characteristics and interrelations 
should be clearly understood. They are Sidereal Time, True 
Solar Time, Mean Solar Time and Standard Time. 

Sidereal Time, as its name suggests, is star time. If at a 
certain instant a given star is on the meridian, then after 
twenty-four sidereal hours have elapsed, the same star will 
again be on the meridian. Since the distant stars keep the same 
positions in space, because their tremendous distances from us 
render any change imperceptible in long period the regularity 
with which a given star comes to the meridian is dependent 
only upon the uniform rotation of the Earth on its axis. 

Although there are forces operating to change the time of 
rotation, they are so small and opposite in effect that they 
are negligible. The meteors that strike the Earth and the tides 
are two forces that tend to retard the rotation and lengthen 
the period, and on the other hand we have the contraction 
of the Earth, and the constant erosion of soil from higher to 
lower altitudes, forces that tend to accelerate the rotation and 
shorten the period. By taking all such forces into considera- 
tion, it is definitely known that their resultant could not 
change the period of rotation by as much as one second in ten 
thousand years. Inthe great complexity of changes that are 
going on about us, we have the period of rotation of the 
Earth on its axis as an unvarying quantity and it must serve 
us as our starting point in the exact determination of time. 

The sidereal day then is the time that elapses between two 
successive passages of a star across the meridian, and is 
divided into twenty-four hours. Likewise the true solar day 
is the time that elapses between two successive passages of 
the Sun across the meridian. The true solar day is longer than 
the sidereal day because of the fact that the Sun has a motion 
toward the east that the stars do not have. This motion is 
due tothe Earth's revolution about the Sunin one year. The 
relative motion of the Earth to the Sun will be the same for 
our purpose if we consider the Earth as'fixed, and the Sun 
as moving about the Earth. If we suppose then that the Sun 
and a given star arrive at the meridian at acertain instant, 
we know that after twenty-four sidereal hours the star will 
again be on the meridian, but in the mean time the Sun will 
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have moved eastward, and some minutes more must pass 
before the Sun arrives at the meridian. An idea of the quantity 
of this motion of the Sun toward the east may be formed from 
the fact that a complete circuit of thesky is made by the Sun ina 
year. This motion, however, is not uniform, because the Sun 
moves not ina circle about the Earth asa center, but inanellipse, 
having the Earth at one of the foci. The angular motion then 
is variable, and the True Solarday, though always longer than 
the Sidereal, varies from 3" 35* in sidereal time longer in 
September to 4" 26° longer on December 22. We ordinarily 
think of December 22 as the shortest day, when in another 
sense it is really the Jongest day in the year. Because of this 
irregularity in the length of the True Solar day it would be 
very difficult, if not entirely impossible, to construct a clock 
that would constantly show True Solar time. 

This leads then to the introduction of Mean Solar time. 
We suppose a Sun that starts with the real Sun, and travels 
in the plane of the equator toward the east a uniformly equal 
distance each day, and just rapidly enough to complete the 
circuit in the same time as the real Sun does, so that the im- 
aginary or ficticious Sun arrives at the starting point at 
precisely the same time as the real Sun. This imaginary Sun 
at certain seasons comes to the meridian in advance of 
the real Sun and at other seasons after it. Since its 
angular motion is uniform, the time between two successive 
transits of the imaginary Sun across the meridian will always 
be the same. This Mean solar day is 24" 3™ 56%.556 long in 
sidereal time. This period is divided into twenty-four solar 
hours and this is the hour that is indicated on the dial of the 
ordinary clock. The further modification of mean solar time 
to obtain standard time is for convenience only and not caused 
by any necessity in the time itself, nor in the difficulty of con- 
structing clocks, for Mean Solar time is uniform just as is 
Standard Time. A moment’s thought will show that if time as 
shown by clocks were the Mean Solar time then all places on 
the same meridian would have the same time, but a place a few 
miles east or west of a given place would have different time. 
This time is sometimes kept and is called local time, but endless 
confusion in travel would result if railroads were operated by 
local time. Hence in certain belts the time is fixed by the time 
of a meridian near the middle of the time belt. These belts are 
15° wide, so that in passing from one belt into another, the 
time changes abruptly by one hour. These belts, moreover, 
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are arranged so that the time in themis an integral number 
of hours from Greenwich. By this arrangement the error in 
time at any particular place will not exceed one half hour. 

Standard Time then is the kind that is ultimately sought. 
Obviously there is no object in the sky that can be observed 
for Standard Time directly. Nor, indeed, can Mean Solar Time 
be determined by direct observation, for the Sun which deter- 
mines it is purely fictitious. However, the real Sun may be 
observed directly, and then, since the relative positions of the 
real and the fictitious Sun can be computed for each day, and, 
indeed, are tabulated in the American Ephemeris and also in 
other Almanacs in the form of the equation of time. True 
solar time, as observed, may be changed into mean solar 
time, and this in turn may easily be converted into 
Standard time provided the longitude of the place at which 
the observation was made is known. Various methods. of 
observing the Sun may be used, one of which is by use of the 
sextant, which cannot be made very accurately, and another 
is to use a permanently mounted transit instrument, and to 
observe the moment when the Snn is on the meridian. The 
difficulty here lies in the fact that the Sun is so large that it is 
difficult to decide the exact moment when the center of the 
Sun is on the meridian. Because of these practical difficulties 
the method of observing the Sun is not very often followed. 
The method usually followed, and the one used at Goodsell 
Observatory, is by observing the star and it is the method 
which we use here, that I desire to describe. 

To determine time is really to determine the clock error. It 
is not essential for that purpose that the error be large or 
small, though as a matter of fact the error is usually less than 
one minute. For if it were greater than that, it would be an 
easy matter, after a single determination of the error, to move 
the hands until the error was made less than one minute. 

In order to determine the clock error two instruments are 
essential, first the transit instrument, and second the chrono- 
graph. The clock is provided with an escapement which breaks 
and electric circuit every two seconds. This circuit connects 
the clock with the chronugraph which has as its essential part, 
a cylinder which rotates once each minute. About this cylinder 
is fastened a sheet of blank paper upon which a pen traces a 
continuous line as the cylinder rotates. The armature that 
carries the pen is released when the clock breaks the circuit, 
so that there is a series of offsets in the line that the pen traces, 
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separated by exactly two seconds. The escapement wheel is 
so arranged that the circuit is broken also at the fifty-ninth 
second, so that one can tell by the record where the minute 
ended. The minute during which the record was started is 
marked on the sheet, so that, by counting the minutes from 
that time, one can determine any particular minute and second 
during the time through which the record extends. 

The transit instrument is mounted so that it is free to move 
only in one plane namely in the plane of the meridian. The 
reticle of the transit contains a number of wires which are 
illuminated, and which are located symmetrically with respect 
to the center. If the wires are not exactly symmetrical with re- 
spect to the center, the error of instrument in this particular is 
found by trials and_a correction is introduced into the reduc- 
tion to account for that error. The observer at the transit 
holds in his hand an electric button which, when pressed, 
breaks the circuit, and releases the armature, which carries 
the pen, in the same way as the escapement wheel in the clock 
does, so that he may insert offsets in the line traced by the 
pen in addition to those inserted by the clock regularly at the 
end of each two seconds. The transit instrument is also sup- 
plied with a graduated circle which serves as an indicator for 
setting the instrument at the proper altitude for the star to 
be observed. 

With this equipment one is ready to proceed with the actual 
observation. Assuming that the error of the clock is small, he 
can tell from the clock what particular stars are near 
the meridian and will transit the meridian during the next 
half hour, more or less, during which his observations are to 
extend. If he had no indication at all as to the error of the 
clock, he would be obliged to observe some bright known 
stars and from these by perhaps rather rough approximation 
reduce the error until it becomes less than one minute. Where 
such observations are made periodically the clock error is 
kept small. Then he knows what stars are about to transit 
the meridian, since the sidereal time indicates the right ascen- 
sion of the zenith at any time, and it is necessary only for him 
to look into any star catalogue and select such stars as have 
right ascensions a few minutes greater than the sidereal time. 
From the same catalogues he can get the declinations, and 
knowing the latitude of the place from which he is observing, 
the altitude in which the star will cross the meridian may 
easily be determined. Again at places where such observations 
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are made regularly, a list of time stars is prepared and kept 
permanently. This list shows the right ascensions of the star 
which is, indeed, the sidereal hour when the star will be on the 
meridian, the declinations, zenith distance, circle setting for 
the instrument to be used, and usually the magnitude, so that 
the observer may have the brightness as a check on his selec- 
tion of the star, for it is quite possible that more than one 
star may appear in the field of the transit. This list of stars 
is so chosen that in the course of an hour or less one can 
always find stars in the northern sky as well as near the 
zenith, near the equator and in the southern sky. The reasons 
for such a selection will become apparent when we come to 
speak of the reductions of the observations. 

When everything is in readiness, the observer selects a star 
that will cross the meridian in two or three minutes, sets the 
instrument according to the position defined for this star in 
the star list, and takes his position at the instrument, having 
the electrical push button in his hand. He may move the eye- 
piece to one side and thus get the star in view some time 
before it crosses the wires, but in any case the star swings 
into view, moving quite rapidly or very slowly according as 
the star is near the equator or near the pole. He selects the 
middle wire and a certain number on each side of it as those 
with respect to which he desires to record the transits. As 
the star transits them he pushes the button and interpolates 
his record on the chronograph sheet upon which the clock is 
making its continuous record. He then selects another star and 
records its transits in the same way. Usually four or five stars 
are observed and recorded in this way, care being taken that the 
stars chosen shall not all be in the same region of the sky. 
These then constitute a time set. 

After this comes the reduction of the observations. By 
reading the records for each star from the chronograph sheet 
by means of a scale designed for that purpose, and taking the 
mean, the clocktime of the transit of the star across the 
meridian is found to the tenth or even to the hundredth part 
of asecond. The right ascension of the star, as given in the 
American Ephemeris at intervals of ten days throughout the 
year, is the actual time at which the star crossed the meridian. 
If there is any discrepancy between the actual time and the 
clock time, this discrepancy may arise from several sources. 
If the transit instrument were in perfect adjustment the dis-| 
crepancy would be entirely due to the clock error, but this is 
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very seldom the case. However, there is no uncertainty on this 
point since the corrections to the instrument are carefully deter- 
mined from time to time. Four quantities are recognized as 
contributing to the discrepancy between the actual time of tran- 
sit anc the clock time as shown by the chronograph record; first 
and most important, the clock error itself, second, the azimuth 
error, third, the level error, fourth, the collimation error. 
The first is the quantity that is sought ultimately and 
is taken to be the discrepancy that remains after the effect of 
the other three has been removed. The second is obtained 
from the observations themselves and results from the fact 
that the rotation axis of the transit is not exactly east and 
west. If one imagines this to be exaggerated much beyond 
any possibility in any well mounted instrument he will easily 
see the effect. For instance, suppose the support for the east 
end of the rotation axis to be one foot north of the support 
for the west end, then it is easily seen that, when the instru- 
ment is directed toward the south, it will point considerably 
east of south, while if directed toward the north it will point 
west of north. This error may be very small but must be con- 
sidered. The third, or level error, is determined by the hanging 
level at each observation. This is due to the fact that one end 
of the axis may be higher than the other, which condition would 
also tilt the instrument out of the plane of the meridian. This 
varies slightly and must be determined each time. The fourth, 
a collimation error, is due to the fact that the mean 
of the eleven wires may not be exactly in the collimation plane, 
the plane which is described by the line, called the collimation 
axis, from the optical center of the object glass perpendicular to 
the rotation axis, as the telescope is rotated. Since the parts 
that affect this error remain relatively unchanged for long 
periods of time, it is mecessary to determine this error 
once in two or three months. 

These quantities are connected in the following relation. 

A6é+ Aa+ Bb+ Cc = actual time—clock time of star tran- 
sit where A@ is the clock correction; A, B and C are known 
quantities depending upon ¢, the latidude of the observer, and 
8, the declination of the star, and are computed beforehand; 
and a, b and ¢ are respectively the factors introduced by the 
azimuth, level and collimation constants. We have seen that 
c remains unchanged for long periods and hence is a known 
quantity. We have also seen that ) is determened at each ob- 
servations by the hanging level and consequently is known for 
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each set of time stars. We have then four or five equations, 
depending upon nhe number of stars observed, of the form 
given above in which A@ and a remain as yet undetermined. 
We select the two that are most diverse, which will usually be 
the most northern and most southern stars since they will be 
oppositely affected by the azimuth error, and subtract the one 
from the other, thereby eliminating the A@, and obtaining an 
equation from which a may be found. Applying this value cf 
ato the four equations we get from each onea value of Adé, 
These separate values serve as a check upon the accuracy of the 
work and should agree very closely. Their mean is then taken 
as the value of A6, the clock correction. Sometimes an ad- 
ditional correction, namely the personal equation of the 
observer is added, and when extreme accuracy is desired, a 
greater number of stars is observed and the reductions are 
made by the method of least squares. However, the method 
outlined here gives results that may be depended upon 
to the tenth of a second. It might be said that the clock is 
not set each time that its error is found, for obviously the 
clock is quite as serviceable if the error is known, as if it should 
show exactly accurate time. 

This then gives accurate Sidereal time and it remains now to 
show how this is converted into the Standard time which is the 
time we use. Since the sidereal minutes are shorter than the 
Standard time minutes, the seconds do not beat together on 
the two clocks, but at intervals of approximately six minutes 
they do beat together momentarily and then the sidereal clock 
beat precedes the standard clock beat again. By noting the 
second on each clock when this coincident beating accurs we 
get aclock comparison. Now the sidereal time shows the time 
since Sidereal noon, and this interval may be converted into 
an equivalent Standard time interval by tables that are con- 
stant. Also we find tabulated in the American Ephemeris the 
mean time of Sidereal noon for each day of the year. If then 
we add to the mean time of Sidereal noon on the day in ques- 
tion the interval of time that has elapsed since sidereal noon 
we have the correct mean time for the instant at which the com- 
comparison was made. This is changed into Standard time by 
adding or subtracting the distance of the place in longitude, 
expressed in hours, from the meridian which fixes the time in 
the belt. This must be added for places west of the standard 
meridian, and subtracted for those east. The difference between 
this time and the reading of the clock at the time of the com- 
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parison indicates the correction to the Standard clock. 

The correction cannot be effected by hand since it frequently 
is only a few tenths of a second. The correction is made by a 
temporary magnet over which swings a permanent magnet, 
which is fastened to the pendulum. The temporary magnet is 
polarized by a current of clectricity which may be sent in either 
direction and thus make the pole nearest the permanent magnet 
positive or negative as desired, and thereby accelerate or dimin- 
ish the rate of the pendulum during the time when the tempo- 
rary magnet is operating. The effect is sufficient te change the 
clock by about one hundredth of a second per minute so that 
very minute changes may be made. This clock then may be 
used for sending time signals as its error is reduced to zero 
by the method explained. 





PLANET NOTES FOR JANUARY, 1911. 


Mercury will be in conjunction with the Moon on January 1, and again on 
January 27. It will bein perihelion on January 4, and at inferior conjunction 
with the Sun on January 9. It will reach its greatest heliocentric latitude 
north on January 14. It will begin to be visible the latter part of the month 
in the east just before sunrise, but will be low down in the twilight. 

Venus will be in aphelion on January 6, and will be at its greatest helio- 
centric latitude south on January 29, It will be visible during the latter part 
of the month near the western horizon just at sunset. 


It will be in conjune- 
tion with the Moon on January 30. 


Mars will continue to rise before the Sun during this month. By the end 
of the month it will rise nearly three hours before the Sun, and will be the 
morning star. Because of its great distance from the Earth it will not be very 

By the middle of the month it will be about 200,000,000 miles 
from the Earth, and approaching the Earth. 


conspicuous. 


Jupiter will rise shortly after midnight, and will be in a favorable position 
for observation in the early morning. During the latter part of the month 
it will be on the meridian about sunrise. 

Saturn will be in quadrature, 90° east of the Sun, on Jan. 20. 


It will then 
be on the meridian at sunset. 


During this month it will be the most interest- 
ing object in the sky for small telescopes. 


It will be in conjunction with the 
Moon on January 8. 


Uranus will bein conjunction with the Moon on January 1, and also on 
January 28. It will be in conjunction with the Sun on January 15, and will 
therefore be too near to the Sun to be visible during the month. 

Neptune will be in opposition with the Sun on January 10. 
fore cross the meridian about midnight. 
slowly in the constellation Gemini. 


It will there- 
It will be moving westward very 
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THE CONSTELLATIONS AT 9:00 P.M. Dec. 1, 1910 


NOZINOH 


HLYON 


Occultations visible at Washington. 
IMMERSION. 


Date Star's 
1911 Name 


Jan. 5 yw Aquarii 
9 o Arietis 
11 284B Tauri 
11°«#95 Tauri 
11 315 B Tauri 
12 125 Tauri 
14 4 Cancri 
14 X Cancri 
15 90 H! Cancri 
16 7 Leonis 


Magni- 
tude. 


W ashing- 
ton M.T. 
h m 
6 7 
8 48 
t 24 
7 44 
14 22 
So Be 
1 37 
4 3&6 
12 54 
10 54 


Angle 
f'm N. 
° 
15 
36 
84 
64 
90 
52 
79 


EMERSION. 


Washing- 
ton M.T. 
h m 

' « 

9 8&7 

& 21 

9 1 
15 20 
4 45 

8 39 
18 2 
13 41 
12 4 


Angle 


f'mN 
° 


270 
265 
231 
253 
263 
279 
2386 
324 
349 
316 


Dura- 

tion 
h m 
1 0 
1 10 
O 5&7 
L iz 
0 57 
O 48 
1 2 
O 47 
O 47 
1 10 





WEST HORIZON 











Comet Notes 627 





Phenomena of Jupiter’s Satellites. 


Central Standard Time. 


1911 h - h m 

Jan. 2 16 35 I Oc. Re. Jan. 17 17 36 I Tr. Eg. 
4 15 28 III Oc. Dis. 18 14 56 I Oc. Re 

ae 5 III Oc. Re. ‘ 21 17 27 TH Ge. Re. 

S 16 23 HH kr.. x: 22 18 46 Ill Tr. In. 

15 45 II Sh. Eg. 15 11 Ii Tr. Be. 

8 17 61 I Sh. In. 24 16 6 I Sh. In. 

® 06. i3 I Ec. Dis. 17 19 L Tr. In. 

10 14 $82 I Sh. Eg. 25 13 28 I Ec. Dis. 

15 40 | is. Be. 16 51 I Oc. Re. 

a £5 «| 68 6 COB: Dis. 26 12 46 I Sh. Eg. 

16 32 lf Oc. Re. 13 39 I Tr. Eg. 

22 16 42 FF Sh. in. 28 15 2 MII Ec. Dis. 

14 14 49 Il Oc. Re. 29 12 38 III Sh. In. 

a6 17 7 I Ec. Dis. 14 24 III Sh. Eg. 

17 14 12 i Sm im. 30 12 38 Ii Tr. Ia. 

15 24 i ‘Te. ta. 12 46 II Sh. Eg. 

16 25 I Sh. Eg. is 12 W Tr. Be. 


Note.—In., denotes ingress; Eg., egress; Dis., disappearance; Re., reap- 
pearance; Ec., eclipse; Oc., occultation; Tr., Transit of the Satellite; Sh., 
transit of the shadow 





COMET NOTES. 





Ephemeris of Halley’s Comet:-—1 have computed an ephemeris of 
Halley’s comet for the months of January, February and March 1911, for 
the benefit of those astronomers who wish to observe visually and photo- 
graphically this famous comet for the last time before it finally leaves us for 
three quarters of a century. About the middle of February, the comet will 
be a little nearer to the Earth than it was in Sept. (Sept. 11,) 1909, at the 
time Dr. Wolf discovered it. It will be in opposition during the first week 
in March. 


Greenwich Midnight. 





1911 
G. M. T R. A. Dec. logr log A 
h m s °) , ” 

Jan. 3 tl Sk ZF —18 18 3 Q.58504 0.55710 

; 11 11 44 53 18 26 7 0.59442 0.55007 
19 11 36 587 18 23 54 0.60372 0.54407 
27 li 27 6&3 18 10 45 0.61262 0.53928 

Feb. 4 11 17 44 17 45 36 0.62128 0.53642 
12 A | 6 56 17 8 7 0.62970 0.53600 
20 10 55 49 16 19 14 0.63784 0.53834 
28 10 44 44 15 20 28 0.64584 0.54374 

Mar. 8 10 34 6 14 14 16 0.65356 0.55212 
16 10 24 15 13 3 40 VU.66108 0.56329 
24 160 15 2 ii St 33 0.66844 0.57694 

Apr. 1 10 7 49 10 40 44 0.67544 0.59244 


F. E SEAGRAVE. 
Providence, Oct. 25, 1910. 
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Faye’s Periodic Comet.—This comet was rediscovered by Professor 
Cerulli at Terramo, early in the month and was for some time observed as a 
new comet under the name, Cerulli’s comet. Professor Leuschner of the Uni- 
versity of California identifies it as Faye’s, from elements computed by Mr. 
Meyer Levy, from observations made on Nov. 9, 11, and 13. These elements are 


Time of perihelion passage, I 1910, Nov. 124.41 G.M.T. 


Perihelion minus node, w 206° 40’ 
Longitude of node, 2 205° 20’ 
Declination, 1 10° 14’ 
Perihelion distance, q 1.650 
Eccentricity, e 0.6569 
Period P 6Y.93 


The comet is visible in a small telescope. It is in the lower edge of Taurus 
12° east of a Ceti and is moving slowly southward toward Eridanus. Spectro- 
grams, taken by Professor Parkhurst at Yerkes Observatory, show essentially 
continuous spectrum. 





VARIABLE STARS. 


Nova Sagittarii No. 8.—From an examination of the photographs 
of the Harvard Map of tke Sky, Miss A. J. Cannon has found that a new 
star appeared in the constellation Sagittarius on August 10, 1899. Its ap- 
proximate position for 1875 is R. A. = 18" 12™.2, Dec. — 25° 14’. A photo- 
graph taken on August 9, 1899, shows no trace of this object, although ad- 
jacent stars of the magnitude 11.5 are seen. The outburst was very sudden 
as on a photograph taken the next evening, August 10, 1899, the Nova is 
a conspicuous object, magnitude 8.5. The light faded rapidly from magnitude 
86 on August 25, to 10.5 on October 13, 1899. After that the decrease was 


‘ gradual. The last photograph on which the new star is visible was taken in 


October 1901, when the star was very faint, and about the thirteenth magnitude. 
This is the third new star discovered at this observatory within six weeks. 
Nova Sagittarii No. 2, which was found by Mrs. Fleming, preceded Nova 
Sagittarii No. 3, about 20™ and was south 2°.3. 
EDWARD C, PICKERING. 
Harvard Astronomical Bulletin, No. 431. 





New Variable Star, 95.1910 Leonis Minoris.—In A. N. 4445, 
Professor Ceraski announces the discovery by Mme. L. Ceraski of the varia- 
bility of this star, the approximate position of which is 


a 6 
bh m 8 ° , 
1855.0 9 45 55 36 48 
1900.0 9 48 38 36 35 


On fifteen plates, obtained between 1907 and 1910, the light of this star 
varies from 10" to <12™. The type of the variable is uncertain. 
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New Elements and Light Curve of the Variable Star SY 
Cassiopeiae.—The following note on the variability of SY Cassiopeiae by 
Mr. M. Luizet was published in the August number of the Bulletin Astron- 
omique. 

“The variability of this star was discovered in 1907 by Madame Ceraski 
and the discovery was announced in A. N. 4215 under the preliminary designa- 
tion 144.1907 Cassiopeiae. I began to observe it Dec. 16, 1907 and from that 
date to Mar. 3, 1910, made, with the equatorial coude, 136 comparisons of its 
light with the following stars : 


L L’ 
. ° °o nm 

f BD + 57.38 15.3 9.1 
d + 57.41 13.3 9.3 
g + 57.45 9.9 9.6 
c Anonyme 9.0 9.7 
a BD + 57.34 3.9 10.2 
b 57.35 0.0 10.5 


“By means of the earlier observations, I obtained graphically the epochs 
of 31 maxima given in Table I. 
The consideration of these maxima yields the new elements 
Maxima 2419711.722 (M.T. Paris) + 4°.06976 E 
or 1907 Dec. 1 16" 20" + (44 15 40™ 27°) E. 


TABLE I. 
E Max.(m.t. Paris) p O-C E Max.(m.t. Paris) d O-C 
da d 

4 1907 Dee. 18.00 1 0.00 88 1908 Nov. 24.02 2 +0.16 

5 22.10 2 + 0.03 89 27.85 2 —0.08 
10 1908 Jan. 11.40 2 — 0.02 101 1909 Jan. 15.75 1 — 0.02 
11 15.40 3 — 0.09 104 28.22 1 +0.24 
25 Mar. 17.50 1 +0.03 147 July 22.00 2 + 0.02 
57 July 20.60 1 — 0.10 149 30.10 2 —0.02 
58 24.70 2 — 0.07 157 Aug. 31.70 1 —0.06 
69 Sept. 7.65 1 + 0.11 166 Oct. 7.25 1 —0.05 
71 16.65 2 — 0.02 167 11.30 1 —0.07 
74 27.75 2 — 0.13 168 15.45 2 +001 — 
75 Oct. 1°95 2 +- 0.00 169 19.55 2 + 0.04 
76 5.90 1 — 0.12 170 23.45 1 —0.13 
78 13.95 1 — 0.21 173 Nov. 4.70 L — 0.09 
81 26.60 1 + 0.23 192 1910 Jan. 21.30 1 + 0.08 
82 30.55 2 + 0.11 202 Mar. 2.95 1 +0.14 
87 Noy. 20.00 1 + 0.21 


“The Mean Light Curve.—In order to obtain the light curve of SY Cas- 
siopeia, the 137 observations were arranged, as usual according to increasing 
values of A, and the interval of time between successive computed maxima, 
after dividing them into 27 groups of 5 observations each, except the A’s and 
the corresponding values of A, the light grades, are given in Table II. 


TABLE II 

A L A L A L 

d ad 
0.114 13.62 1.407 6.38 2.868 3.82 
0.348 11.26 1.504 6.92 3 098 3.98 
0.476 11.10 1.645 6.78 3.382 5.70 
0 631 10.36 1.872 5.74 3.461 6 66 
0.770 9.14 2.046 5.68 3.525 7.26 
0.905 8.96 2.328 4.52 3.747 10.50 
1.034 8.18 2.479 3.87 3.891 10.68 
1.238 7.78 2.601 4.76 3.951 11.22 
1.335 7.16 2.725 4.14 4.017 13.57 





EPC 


S Piscium 


U Piscium 
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“The data from this table was plotted in the following figure and the mean 
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LigHtT CuRVE OF SY CASSIOPEIAE. 


light curve drawn. This curve shows that: 


S Y Cassiopeiae is a variable star with continuous variation and of 


short period, of the 6 Cephei type. 


Its period is about 4°.06977 = 44 1" 40™ 278, 
Its decrease and increase are not characterized by secondary minima 


or maxima. 


Its light diminishes during about 24.9 and increases during about 1°.2 
Its variation ranges between 9".3 and 10”.2. 





Approximate Magnitudes of Variable Stars on Nov. 1, 1910. 


[Communicated by the Director of Harvard College Observatory, Cambridge, Mass.] 





Name. R.A. Decl. Magn. Name, R.A. Decl. Magn 
1900, 1900. 1900. 1900. 
h m = a h m ? ? 
x Androm. O 10.8 +46 27 13.2d R Arietis 2 104 +24 35 12.0d 
T Androm. 17.2 +26 26 13.5d W Androm. 11.2 +43 50 8.0 
T Cassiop. 17.8 +55 14 11.7. o Ceti 14.3 — 3 26 5.6d 
R Androm. 18.8 +38 1 7.37 S Persei 15.7 +58 8 9.0 
19.0 — 9 53 8.6 RR Persei 21.7 +50 49 <13.5 
Y Cephei 31.3 +79 48 12.8 R Trianguli 31.0 +33 50 10.31 
U Cassiop. 40.8 +47 43 14.5d U Arietis 3 55 414 25 11.57 
RW Androm. 41.9 +32 8 841i XCeti 14.3 — 1 26 11.2d 
V Androm. 44.6 +35 6 12.47 Y Persei 20.9 +43 50 10.6 
RR Androm. 45.9 +33 50 13.5d R Persei 23.7 +35 20 13.0d 
W Cassiop. 49.0 +58 1 10.0 T Tauri 4 16.2 +19 18 11.5 
UAndrom. 1 9.8 +40 11 <13.5 R Tauri 22.8 +9 56 12.41 
12.4 + 8 24 13.5 W Tauri 22.2 +15 49 11.57 
S Cassiop. 12.3 +72 5 13.4d S Tauri 23.7 +9 44 <14 
17.7 +12 21 12.5 ‘T Camelop. 30.4 +65 57 12.8 
R Piscium 25.5 + 2 22 <13.5 RX Tauri 32.8 + 8 ‘9 <13.5 
RU Androm. 32.8 +38 10 13.0¢d X Camelop. 32.6 +74 56 10.0d 
Y Androm. 33.7 +38 50 11.47 V Tauri 46.2 +17 22 9.61 
X Cassiop. 49.8 +58 46 19.5d R Orionis 53.6 + 7 59 12.6 
U Persei 53.0 +54 20 8.07 R Leporis 55.0 —14 57 6.4 
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Approximate Magnitudes of Variable Stars on 


Name. 


V Orionis 
T Leporis 
R Aurigae 
S Aurigae 
W Aurigae 
S Orionis 

T Orionis 

S Camelop. 
U Aurigae 
Z Tauri 

U Orionis 
V Camelop. 
X Aurigae 
R Lyncis 

V Can. Min. 
R Gemin. 


iD 


o 


6 


R Urs. Maj. 10 
T Urs. Maj. 12 


RS Urs. Maj. 
S Urs. Maj. 
T Urs. Min. 

R Can. Ven. 


13 


U Urs. Min. 14 


S Bootis 

V Bootis 

R Camelop. 
R Bootis 

S Coronae 
S Urs. Min. 
R Coronae 
X Coronae 
R Serpentis 
V Coronae 
Z Coronae 
R Herculis 
RR Herculis 
U Serpentis 
RU Herculis 
W Coronae 
U Herculis 
SS Herculis 
W Herculis 
R Draconis 
S Herculis 
R Ophiuchi 
RT Herculis 
Z Ophiuchi 
RS Herculis 
RU Ophiuchi 
RT Ophiuchi 
T Draconis 
— Draconis 
RY Herculis 
V Draconis 


— 


< 


T Herculis 18 


W Draconis 

X Draconis 

RY Ophiuchi 
W Lyrae 


R. A. 
1900. 


m 
0.8 
0.6 
9.2 

20.5 
20.1 
24.1 
30.9 
30.2 
35.6 
46.7 
49.9 
49.4 


68 09 to o 
SAESSESS~-~ 2,6 
GSKwnc 


SPRUE AAA 


~ 


. 


ST ee end ON oN ol el nd 


DEED AGP GAIL A 


PwOWNN- 


SRAN PEAS w 


Orono gr oi = 


OU On OV Ot OD w Bh Rid: : 
MHD POAPUIDONNNDOFENORHOUNNIOOCH NEE 


a 
oD 


Decl. 

1900. 

° , 
+ 3 58 
—22 2 
+53 28 
+34 + 
+36 49 
— 4 46 
— 5 32 
+68 45 
+31 59 
+15 46 
+20 10 
+74 30 
+50 15 
+55 28 
+ 9 2 
+22 52 
+69 18 
+60 2 
+59 2 
+61 38 
+73 56 
+40 2 
+67 15 
+54 16 
+39 18 
+84 17 
+27 10 
+31 44 
+78 58 
+28 28 
+36 35 
+15 26 
+39 52 
+29 32 
+18 38 
+50 46 
+10 12 
+25 20 
+38 3 
+19 7 
+ 7 B 
+37 32 
+66 58 
+15 7 
—15 58 
+27 11 
+1 37 
+23 1 
+ 9 30 
+11 11 
+58 14 
+58 13 
+19 29 
+54 53 
+31 O 
+65 56 
+66 8 
+ 3 40 
+36 38 


Magn. 


10.07 
9.0 
12.5d 
9.4 

14.0 


12.47 
10.8d 
12.8 
8.4d 
9.5d 
13.0d 
7.0 
13.0d 
12.5d 
13.8d 
9.07 
12.0d 
12.0d 
12.0d 
10.67 
11.0 


10.6d 
9.0d 
12.6 
11.87 
<13 
12.6 
10.8 
13.dd 
<13.6 
11.6d 


13.41 


11.5 


11.67 


8.8d 


Name. 


h 
SV Herculis 18 


T Serpentis 
RZ Herculis 
X Ophiuchi 
RY Lyrae 
RX Lyrae 
ST Sagittarii 
Z Lyrae 
R Aquilae 
V Lyrae 
RX Sagittarii 
RW ¢ 
S Lyrae 

RS Lyrae 

RU Lyrae 

U Draconis 
W Aquilae 

T Sagittarii 
RY Sagittarii 
R Sagittarii 
S Sagittarii 
Z Sagittarii 
TZ Cygni 

U Lyrae 

T Sagittae 
TY Cygni 
RT Aquilae 

R Cygni 

RV Aquilae 
RT Cygni 

TU Cygni 

X Aquilae 

x Cygni 

RR Aquilae 


i RS Aquilae 


Z Cygni 


i SY Aqzuikie 


S Cygni 

R Capricorni 
S Aquilae 

RU Aquilae 
W Capricorni 
Z Aquilae 

RS Cygni 

R Delphini 


19 


Sagittarii 


20 


RT Capricorni 


SX Cygni 
WX Cygni 
U Cygni 

RW Cygni 


RU Capricorni 


Z Delphini 
Y Delphini 
S Delphini 
V Cygni 

Y Aquarii 
T Delphini 
V Aquarii 
W Aquarii 


Nov. 1, 


R.A 
1900 

m 
22.2 
23.9 
32.7 
33.6 
41.2 
50.4 
55.9 
56.0 
Re 6 


cco. WW 
tome Iho 6 


9.1 

9.9 
10.0 
10.5 
10.0 
10.8 
13.6 
13.8 
13.4 
16.6 
iy Be 
29.8 
33.3 
34.1 
35.9 


: 
—_ 


MONMNONMDHNAAWS 


Ord On ee 
SAN PAO 


Go 


nnnoc-1F— 


ry Ow 


Ge 
or) 


nish ems 


Decl. 

1900 

° 
+24 58 
+6 14 
+25 58 
+8 44 
+34 34 
+32 42 
—12 54 
+34 59 
+8 5 
+29 30 
--18 59 
—19 2 
+25 50 
+33 15 
+41 8 
+67 7 
— 713 
—17 9 
—33 42 
—19 29 
—19 12 

—21 7 
+-50 0 
+37 42 
+17 28 
+28 6 
+11 30 
+49 58 
+9 42 
+48 32 
+48 49 
+4 13 
+32 40 
— 2 11 
—- 8 9 
+49 46 

12 39 
+57 42 
—14 34 
+15 9 
+12 42 
—22 17 
— 6 27 
+38 28 
+ 8 47 
—21 38 
+30 46 
+37 8 
+47 35 
+39 39 
—22 2 
+17 7 
+11 31 
+16 44 
+47 47 
— 5 12 
+16 2 
+ 2 4 
— 4 27 


1910—Con. 


Magn 


13.8 
9.31 
<13 
8.7 
10.7 
12.67 
<13 
11.67 
10.3d 
<13 
i233 J 
9.5d 
14.5d 
<14 
11.3d 
11.07 
10.8 7 
8.7d 
7.0 
8.2d 
10.8 7 
9.07 
11.8d 
11.6d 
9.4 
12.8d 
13.0 
8.2 
9.51 
12.0d 
13.0d 
10.6d 
10.4d 
10.2d 
14.0 
9.51 
13.0 
11.0d 
12.2d 
10.0d 
<12 
13.0 
12.0d 
7.4 
9.6d 
8.5d 
9.3 
12.2 
7.61 
8.3 
6 


to os 
bo; 


< 
1: 
Li 


anew! 


te 
aw ~~. 


€ 


q 
13 
< 14 
9.3 
8.6 
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Approximate Magnitudes of Variable Stars on May 1, 1910—Con. 


Name. R. A. Decl. Magn. Name. R. A. Decl. Magn. 
1900. 1900 1900, 1900. 
h m . . h m ad 

U Capricorni 42.6 —15 9 13.6 Y Pegasi 22 68 +13 52 <13.2 
V Delphini 43.2 +18 58 <14 RS Pegasi 7.4 +14 4 12.0d 
T Aquarii 44.7 — 5 31 9.0d X Aquarii 13.2 —21 24 122 
X Delphini 50.38 +17 16 12.57 RV Pegasi 21.0 +29 58 12.2 
UX Cygni 50.9 +30 2 9.6 S Lacertae 24.6 +39 48 12.57 
R Vulpeculae 59.9 +23 26 12.2d R Lacertae 38.8 +41 51 12.47 
V Capricorni21 1.8 —24 19 13.2d S Aquarii 51.8 —20 53 12.4d 
TW Cygni 1.8 +29 0<13.5 RW Pegasi 59.2 +14 46 981 
X Capricorni 2.8 —21 45 12.2d R Pegasi 23 16 +10 0O- 8.0d 
X Cephei 3.6 +82 40 <14  V Cassiop. 7.4 +59 8 88 
RS Aquarii 5.8 — 4 27 10.6 W Pegasi 14.8 +25 44 8.6 
Z Capricorni 5.0 —16 35 12.0d Z Androm. 28.8 +48 16 10.7 
R Equulei 8.4 +12 23 8.67 ST Androm. 33.8 +35 13 9.5 
T Cephei 8.2 468 5 8.2. R Aquarii $8.6 —15 50 9.8d 
RR Aquarii 9.8 — 3 19 10.9d Z Cassiop. 39.7 +56 2 <13 
X Pegasi 16.3 +14 2 11.4d RR Cassiop. 50.7 +53 8 11.07 
T Capricorni 16.5 —15 35 <13.5 Z Aquarii 47.1 —16 25 8.3d 
S Cephei 36.5 +78 10 7.67 V Ceti : 52.8 — 9 31 1067 
RU Cygni 37.3 +53 52 8.3  R Cassiop. 53.3 +50 50 12.0d 
RR Pegasi 40.0 +24 33 11.6d Z Pegasi 55.0 +25 21 9.6d 
V Pegasi 56.0 + 5 38 <13.6 W Ceti 57.0 —15 14 8.4d 
RT Pegasi 59.8 +34 38 12.0 Y Cassiop. 58.2 +55 7 9.31 
T Pegasi 22 40 +12 3 13.6d 


The letter 1 denotes that the light is increasing; the letter d, that the light 
is decreasing; the sign <, that the variable is fainter than the appended mag, 
nitude. The above magnitudes have been compiled by Mr. Leon Campbell of 
the Harvard College Observatory from observations made at the Vassar, 
Mt. Holyoke, Amherst, Olcott, Jacobs, Hunter and Harvard Observatories. 





Minima of Variable Stars of the Algol Type. 





[Given to the nearest hour in Greenwich Mean Time beginning with noon. To reduce to 
Central Standard time subtract 6 hours, or for Eastern time subtract 5 hours, etc. 


stars marked with an* alternate minima are given; ** every third minimum; + eae 
tenth minimum.] 
SY Androm. **RZ Cassiop. *Algol \ Tauri RW Persei 
a h d h d h ad h a h 
Jan. 16 4 Jan. 1 8 Jan. 138 4 Jan. 11° 1° Jan, 4 9 
4 22 18 22 i4 23 — 17 14 
*U Cephei 8 12 24 15 18 22 30 19 
Jan. 1 11 12. 3 30 9 92 94 ee : 
€ 11 15 17 : 26 20 RS Cephei 
11 11 = **RT Persei ae Jan. 3 18 
19 7 30 19 16 4 
= = 22 21 Jan. 1 2 *RW Tauri 
21 10 26 11 3 16 Jan 2 17 28 14 
26 10 30 1 6 5 "8 6  *RY Aurigae 
31 9 ‘ 8 18 , d P ‘1 
“* 8ST. Persei tae is 19 Jan 1 
*Z Persei Jan. 4 9 + 20 19 8 : 22 
Jan. 1 16 6 16 = se 24 21 . 
7 18 11 23 18 93 30 10 23 7 
13 21 17 6 a A *RV Persei = 
20 0 22 14 21 12 jan. 1 0 28 18 
26 2 aT 23 a “a 4 23 * RZ Aurige 
i ; = 8 22 an. Lt he 
, RY er RX Cephei 20 68 12 21 J - 18 
Jat 10 7 Jan 25 7 31 16 16 19 13.19 
17 + *Algol Tauri 20 18 19 20 
24 O Jan. i if jan. 3 3 24 17 25 20 
30 21 7 10 t @ 28 16 Si 21 
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Minima of Variable Stars of the Algol Type.—Continued. 


51.1908 Gemin. 
d h 
Jan. 2 
6 3 
lv 3 
14 3 
18 4 
22 4 
26 4 
30 4 
*RW Gemin. 
Jan. 2 2 
7 20 
13 14 
ao #67 
25 J 
30 18 
*U Columbze 
Jan. 2 0O 
7-15 
13 5 
18 19 
24 10 
30 0 
*RW Monoc. 
Jan. 2 16 
G 32 
10 7 
14 3 
17 22 
21 18 
25 13 
29 9 
RX Gemin. 
Jan. + 3 
19 16 
31 23 
**RU Monoc. 
Jan. 1 13 
4 5 
6 22 
9 14 
12 a 
14 23 
it 36 
20 8 
23 1 
25 17 
28 10 
31 2 
**R Canis Maj. 
Jan. 1 13 
4 23 
8 9 
11 19 
15 5 
18 14 
22 O 
25 10 
28 20 


RY Geminorum 
‘ d h 
Jan. 19 
10 16 
20 O 
20 67 
*Y Camelop. 
Jan. 3 2 
9 16 
6 «66 
22 22 
29 12 
RR Puppis 
Jan. os 
10 3 
16 13 
23 0O 
29 10 
**V Puppis 
Jan. zs if 
5 20 
10 5 
14 14 
18 22 
23 6f 
27 16 
+X Carine 
Jan. 1 19 
% §& 
12 14 
18 O 
23 10 
28 20 
S Cancri 
Jan. 3 7 
12 19 
22 & 
31 18 
S Velorum 
Jan. i ® 
é < 
13 1 
19 0 
24 22 
30 21 
**V Leonis 
Jan. 2 §& 
7 © 
12 7 
17 9 
22 10 
2i 12 
**RR Velorum 
faa. 
6 15 
12 + 
17 18 
23 7 
28 21 


*SS Carinae 

d h 

Jan. i 2 
8 11 

15 1 

Zi i6 

28 6 

RW Urs. Maj. 
Jan. 1 19 
9 2 

16 10 

23 18 

31 = 

**Z Draconis 


Jan. 1 20 


§ 22 
9 23 
14 1 
18 3 
22 5 
26 6 
30 8 
*SS Centauri 
Jan. 3.65 
8 + 
13 3 
is 2 
23 1 
30 11 
*§ Libra 
Jan. 3 4 
7 19 
23 i! 
17 3 
21 18 
26 10 
31 2 
*U Coronw 
Jan. 3. 6 
10 4 
17 2 
24 O 
30 21 


*SW Ophiuchi 
Jan. 2 11 


« 9 

12 6 

17 4 

22 1 

26 22 

31 20 

*SX Ophiuchi 

Jan. 1 23 
6 2 

10 6G 

14. 8 

18 11 

22 14 

26 17 

30 20 


R Are 
d h 
Jan. iL 21 
6 7 
20: 17 
15 4 
19 14 
24 O 
28 10 
**U Ophiuchi 
Jan. 1 4 
3 16 
6 4 
S %7 
11 5 
13 18 
16 6 
18 18 
21 7 
23 (+19 
26 8 
28 20 
31 8 
**SZ Herculis 
Jan. 1 10 
3 21 
6 § 
8 19 
11 65 
Ss if 
16 4 
i8 15 
21 2 
23 13 
25 23 
28 10 
30 21 
Z Herculis 
Jan. 2 13 
6 13 
10 13 
14 13 
18 13 
22 12 
26 if 
30 12 


SX Draconis 
Jan. 3 18 


8 23 
14 3 
19 7 
24+ 11 
29 16 


*RS Sagittarii 


Jan. 3 9 
8 3d 
* | 
17 21 
22 17 
27 13 


*V Serpentis 


d h 
Jan. 3 10 
10 8 
‘i a 
24 4 
| ae | 


+RZ Draconis 
Jan. i 


6 20 
12 8 
17 20 
23 9 
28 21 


**RX Herculis 
Jan. 1 18 


4 i0 

¢ 2 

9 18 

12 10 

15 2 

17 18 

20 10 

23 2 

25 19 

28 11 

31 3 

*SX Sagittarii 

Jan. 1 18 
§ 22 

10 1 

14 5 

18 9 

22 12 

26 16 

30 20 


*RR Draconis 
Jan. 2 14 


8 6 
13 22 
19 14 
25 & 
30 21 


**U Scuti 
Jan. 1 22 


4 19 

7 16 
10 12 
13 9 
16 6 
19 3 
21 238 
24 20 
ar iy 
30 14 


*RX Draconis 
Jan. i 20 


5 5 
9 0 
12 19 


16 14 
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Minima of Variable Stars of the Algol Type.—Continued. 


“RX Draconis Z Vulpeculze 


VW Cygni 


d h d h d h 
Jan. 20 9 Jan. 1 22 Jan. 9 9 
04 4 6 20 17 20 
27 23 d oh 26 «6 
31 18 ik UW Cygni 
*RV Lyre 21 14 Jan. as 
26 19 ( 
Jan. + 6 = = 18 4 
11 11 cell 25 2 
18 16 SY Cygni ee 
Sf im 3 9 31 23 
jt 10 9 W Delphini 
16.1908 Vulpec. — im 28 3 
: = 6 22 
Jan. 2 9 28 9 ~ 
" . 1k ii 
6 20 *WW Cygni a 
11 8 = 16 12 
15 19 Jan. 1 7 21 8 
200 «7 7 22 26 3 
24 18 14 13 30 22 
- <6 21 5 
= . 27 20 RR Delphini 
oe SW Cygni Jan. 1 21 
*U Sagittae Jan. 9 21 6 7 
Jan. 3 11 T 0 i 
10 5 12 0 15 16 
16 23 16 14 20 6 
23 18 21 4 24 21 
30 12 25 17 29 11 
30 7 


RR Vulpeculae WZ Cygni 


da h se 

Jan. 2 290 Jan. 24 22 
12 oo *RT Lacertae 

17 23 Jan. 2 0 

23 «OO 7 2 

28 2 1s )6C 

‘5 ce | 5 

**VV Cygni 02 7 
Jan. x 26 27 «#9 

6 1 

10 11 *TT Androm. 

14 23 Jan. 3 3 

19 8 8 16 

23 18 6 

= iS 17 
28.1910 Cygni es = 
Jan. 38 9 . s 

6 = 21.1909 Andr. 

12 3 3 16 

15 O 7 19 

17 22 ii 22 

20 20 16 1 

23 18 20 3 

26 16 24 6 

29 13 98 #9 





Maxima of Variable Stars of Short Period not of the Algol Type. 


Unless otherwise indicated the tirnes of maxima only are given; and the times 
of minima may be found by subtracting the interval printed in parentheses under 


the names of the stars. 
SX Cassiop. SU Cassiop 
d h d n 


Jan. 8 9 Jan 14 38 
SY Cassiop. 16 2 
Jan. 2 4 is 1 
6 6 20 O 

10 8 21 23 
14.49 23 21 

18 11 25 20 

22 13 ai i9 

26 14 29 18 

30 16 31 16 

RW Cassiop. SV Persei 
(—5 19) Jan. G6 14 

Jan. 8 17 17 17 
23 12 28 20 

SU Cassiop. RX Aurigze 
(—O 22) (—4 0) 

Jan. 2 11 Jan. 11 =O 
4 10 22 15 

6 8 SX Aurigae 

8 7 Jan. 1 20 

10 6 3.69 


12 5 4 22 


SX Aurigae 
d h 


Jan. 6 10 
7 23 
9 12 

11 1 
12 13 
14 2 
15 15 
17 4 
18 16 
20 5 
21 18 
23 7 
24 19 
26 8 
27 21 
29 10 


30 23 


SY Aurigae 

an. 2 17 
12 20 
22 23 


Y Aurigae T Monoc. 
d h b 


da 


(—0 .18) (—9 23) 
Jan. 3 9 Jan. 23 21 
7 #£ W Geminorum 
11 2 3 3) 
14 23 Jan. S 4 
18 20 16 23 
22 16 23 21 
26 13 31 19 
30 9 ¢ Geminorum 
" Bos (—5 0) 
RZ Sie Jan. 10 23 
Jan. 3 23 21 63 
9 12 31 i 


15 O RU Camelop. 
20 12. Jan. s 7 


= 64 30 13 
31 13 er 
ee V Carine 
RS Orionis (—2 4) 
Jan. 7 11° Jan. 6 20 
15 0 13 13 
22 13 20 6 


30 63 26 22 
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Maxima of Variable Stars of Short Period not of the Algol Type.-Con. 


T Velorum RZ Centauri RV Ophiuchi U Vulpecule VZ Cygni 
Pp ) 
d h ee Minimum d h qd oh 
(— : “— Jan. 15 10 4 h (—2 8) = 12) 
Jan. 7 93 16 8 Jan. 1 7 Jan. 7 4 = Jan. 4 9 
12 16 17 (7 4 24 15 3 9 6 
17 6 18 5 8 16 23 3 14 2 
21 21 19 4 12 9 31 2 19 0 
26 13 = - %. 2 SU Cygni 23 20 
: « 21 -. 19 17 (—1 7) 28 17 
he = = 23 10 Jan. 3 15 Y Lacertae 
W Carine 22 22 st 63 7 i (—1 10) 
= 9) 23 20 30 19 a a: a 
Jan. 1 12 24 19 15 3 6 3 
5 21 25 17 X Sagittarii 19 24 10 11 
= 26 16 (—2, 22) 22 20 14 19 
14 15 27 14 Jan. 7 17 26 16 19 3 
18 24 28 13 14 17 30 13 23 11 
23 «8 29 11 21 18 Aauiie o7 
97 417 nm Aquilae 27 18 
27 17 30 10 28 18 (—2 6) 5 Cephei 
a 31 8 Y Ophiuchi Jan. 2 18 Jan. ¢ 2 
Jan 9 12 W Virginis “= F 9 22 1 11 
* 49 4 (—s 5) Jan. 15 7 17 3 16 19 
c ‘ = i 
23 ig Jan. 9 . W Sagittarii | 29 7 22 4 
T Crucis <f : (—3 0) S Sagittae 27 13 
(—2 2) V Centauri Jan. 4 3 (—3 10) Z Lacertae 
Jan. 3S if (—1 11) 11 18 Jan. 6 6 = Jan. 4 5 
10 11 Jan. 4 14 19 8 14 16 15 2 
17 4 iO 2 26 22 a 4 25 23 
23 22 15 14 ahs Bes = 31 10 RR Lacertae 
30 15 2t 2 Y Sagittarii x Vulpeculae Jan. 6 9 
R Crucis _, 26 14 (—2 2) (—2 1 12 19 
(—1 10) RTriang.Austr. Jan. 6 1 Jan. 6 20 2 & 
Jan. - Oe ~s “ ia 2 13 4 25 15 
9 13 Jan. ee 17 14 19 12 V Lacertae 
15 9 = 23 9 25 19 Jan. ; a2 
21 4 ¢ 20 29 3 6 12 
23 © | ae a " V Vulpeculae 11 12 
S Crucis 14 15 U Sagittarii Minimum 16 11 
(—1 12) 18 O (—2 28) Jan. 19 17 21 11 
Jan. 4 11 21 9 Jan. 5 16 J X Cygni 26 10 
9 + 24 19 i2 10 (—6 19) 31 10 
13 20 a en a3 Jan. 2 2 X Lacertae 
a 13 § Triang. Austr. 25 21 7 ~ 1 ; Jan. 3 O 
27 om OF i i 14 B Lyre a 8 11 
Jan. 1 14 Jan. a «2 len a 23 13 22 
RZ Centauri ( 22 on er 62 19 8 
Jan. i 3s ss 19 3 11 - 24 19 
2 6 20 13 25 9 16 a SW Cassiop. 
3 5 A iat ae ca - £2 
a « S Normz « Pavonis iad be 10 22 
me (—4 10) ee. 49 25 3 16 69 
- : Jan. 10 12 Jan. 1 19 29 13 21 19 
: = 20 6 10 21 TX Cygni 27 «6 
7 99 30 0 a ". Jan. 8 16 RS Cassiop. 
7 " as 23 9 an. 2: 
8 20 RV Scorpii . ; ~~ : = 
9 19 (1 10) U Aquile VY Cygni 14. 13 
10 17 Jan. 2 6 (—2 4) (—2 14) 20 20 
11 16 S ft jaa. 4 11 Jan. Ss 2 aa 
12 14 14 8 11 12 13 23 ie edn 
13 12 20 10 18 12 21 19 RY Cassiop 
1411 26 11 25 13 29 16 Jan 5) 8 


17212 
29 15 
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COMMUNICATIONS QUESTIONS AND ANSWERS. 





[This department is designed especially for the use of amateurs. Beginners are 
invited to send in their puzzling questions. The editors will try to see that answers 
are given to reasonable questions but will not hold themselves responsible for the 
correctness of the views expressed in the communications which may find place 
here. All communications should be brief.] 

Argo Navis.—The following notes with map of the Constellation Argo 
Navis may be of interest to some of your southern readers. 

Although provided only with a small telescope with an object glass of 15¢in. 
and a power of about thirty diameters, I find the study of Astronomy most 
interesting and have numerous notes of observations in these southern lati- 
tudes (about 43°S). There is much that can be seen witheven this low power 
or even with a pair of opera glasses and a good many celestial curiosities 
have been found by careful search, which I cannot find mention of in 
astronomical works devoted to research with more pretentious instruments. 
Argo is surely one of the finest of all celestial constellations. I do not think 
there is any other gathering of stars which is so extensive and so rich. Be- 
sides the brilliant Canopus, the second brightest star in the heavens, there are 
four brighter than the second magnitude and twelve brighter than the third, 
besides several brighter than the fourth. 

These stars are crossed by the Milky Way from S.W. to N.E. In its 
Southern portion, the galaxy is very bright, especially so near the variable 
7 and q Carinae; in its northern portion near and p (or 15 as it is sometimes 
called) it is also bright but not so much soas near 7. Between these two 
regions the Milky Way thins out, widens, and in the center is divided by a 
chasm whose edges are somewhat fan-shaped. Where the galaxy is brightest, 
the lucid stars are also most numerous. 

Argo has been divided into four parts 


1. The stern(Puppis) includes Canopus, 7, v, 7, ¢, ¢, &, 15 Argfis &c. 
2. The sails (Vela) y, », ¥, #4, 5, « Argiis &c. 

3. The Reel (Carina) ¢, /, 0, 8, w, 0, » Argfis &c. 

4. The Mast (Malus) a Mali &c. 


There is one portion of Argo sometimes called the ‘false cross’. From its 
general similarity, in disposition of the stars, to Crux Australis, it might be 
mistaken for it by the uninitiated. This is formed by e, a red star of 1.7 mag- 
nitude, «, of 2.2 magnitude, 5, of 2.0 magnitude and «, of magnitude 2.6. 
Both e and « in Carina have similar annual proper motions in one direction 
while 6 and « are moving in somewhat similar directions but different from 
e and «.* N Velorum, magnitude 3.0, is close to x, and jtist preceding «is a 
pair of fourth magnitude stars, b! and b? Carinae, forming a naked eye 
double which should be observed through an opera glass. 

A little south and preceding ¢ is a most interesting cluster, one of the 
largest and brightest clusters in the southern hemisphere. It can be seen as 
a small cloud on all but the brightest moonlight nights. Examined with a 
low power it is a wonderful object consisting of stars from the sixth to the 


” 2 Proper Motion in Right Ascension s— .0042 in Declination +.’008 
ca eo. Oe a s— .0055 ‘ = +.”006 
5 es “ s—.0035 “ a“ —.’100 
Pa oe “ s—.003 “ “ —. 018 
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eighth magnitude, crowded together. Although very near to the Milky Way, 


it does not seem to be connected with it although its composition is similar to 
some bright regions of the galaxy, as for instance that near q Carinae, 


not 
far from the great nebula. 


Near 6 Argiis there is another small patch of bright stars of about the 
5th or 6th magnitude near to a naked eye double star o Velorum. 

The eye observing the constellation might make out another false cross 
from the stars 8, v, w, @ Argfis, Bis a very white 


star of magnitude 1.7 
v and 6 are of the third magnitude and w» about the 


fourth 
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Map oF ArGo Navis.. 


6 Argfis is a star to which the telescope with low power should 


be turned 
and one will be astonished at the number of 


bright stars from about the 
fourth to the fifth or sixth magnitude in a small field of less than one square 


degree. In the diagram I have only indicated the brighter stars. 
if it can be so called, reminds one of the Pleiades, 
components are fewer and closer. 


This cluster, 
only I think the bright 
To the naked eye, on an exceptionally clear 
night, such as we have here sometimes after rain and when the Moon is absent, 
this is visible but the closeness of the stars to @ makes it difficult to distin- 
guish more than one or two, the brightness of the principal star obliterating 
the fainter ones, and one is not prepared for the number that are seen with a 
small telescope. I may mention that a cluster somewhat similar to the above 
but not so bright may be seen in Vulpecula between a of that constellation 
and a Sagittae, seen to the naked eye as a round hazy patch of light. 


In this constellation, also, near 7, a brilliant red star of magnitude 2.7, 


two or three bright stars are grouped within a small field and the red color 
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of the principal star forms a pretty contrast to its whiter neighbors. To the 
naked eye this appears as a double star. 

Other clusters may be seen with the nakedeye. “About 2%° north of u 
Velorum is an enormous cluster of 114° in diameter, very rich in stars of all 
magnitudes from the 8th downwards, a sort of telescopic Praesepe’’ (Sir John 
Herschell). This appears to the naked eye asa hazy patchin the Milky Way. 
There is also another cluster visible to the naked eye, known as M 46, which 
Smythe describes as “a noble, though rather loose, assemblage of stars 
from the 8th to the 13th magnitude.” It precedes a fifth magnitude star in 
the extreme northern part of Puppis (2 Puppis.) 

About midway between 7 and ¢ and north of a fourth magnitude star 
(W Puppis), is a collection of sixth magnitude stars, which form a pretty 
object to a low power. 

The nebula which surrounds the variable star 7 Argifis can be easily seen 
by the naked eye as a bright haze in the galaxy. It lies between @ and yp, 
nearer the former. For a nebula it is very bright and reminds one, under a 
low power, of the great nebula in Orion. It is of special interest as it is 
supposed to have changed in appearance since first observed. But descriptions 
of this will no doubt be found in other works. The same might be said of 
the variable » Argfis, at one time one of the brightest stars in the southern 
hemisphere and now of the seventh or eighth magnitude. It lies in the center 
of the nebula. In 1837-38 it was as bright as a Centauri. In 1677 it was 
observed by Halley as the fourth magnitude. In 1751, as second, 1811-1815 
as fourth, 1822-33 as second, 1837-38 as first, since when it has diminished 
to its present brightness, so its variability is of a very irregular order. 

A few words about Canopus will close these notes. Canopus, the second 
brightest star, whose magnitude is estimated at Harvard as —0.86, never 
sets here. It is a white star but is at such an immense distance that its 
parallax has not yet been determined and it is supposed that it dues not exceed 
0”.01, a light journey of about three hundred and twenty six years. It must 
be a sun of immense size, perhaps half a million times larger than our own. 





Observations of Uranus:-—The planet Uranus has been recently ob- 
served by the writer, (chiefly during last September), with the 3-inch refractor 
of the Leonard Observatory. The data obtained from the observations are 
here presented. 

The magnitude of Uranus was found to equal that of a 6-mag. star, pos- 
sibly a trifle less. The light from Uranus is steady, but generally the disk 
appeared pale and diffused; T. W. Webb in his “Celestial Objects’? has stated 
that he never found the light of his 3 1/10-in refractor capable of defining the 
disk perfectly. The planet is light bluish or greenish in color. With power 
126 on the 3-in telescope, it was found to present a sensible disk which is quite 
apparent with 210 diameters. Uranus was easily visible in the 11%-in finder 
of the 3-in refractor. The motion of the planet with respect to the stars is 
clearly apparent after a lapse of, at most, three days. The position of Uranus 
with respect to the stars, on Sept. 9, 1910, was indicated approximately by 
a straight line a little south of o Sagittarii, about 9° in length, then north of, 
and not far from, 51, h and 53 Sagittarii. 


FREDERICK C. LEONARD. 


Leonard Observatory, 
Madison Park, Chicago. 
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Remarkable Cloud Formation.—Last evening at about 7:40 I ob- 
served a most remarkable cloud formation in the southern sky. It was so 
remarkable [ am sending you a description of it although no description, that 
I can express in words, willconvey to you the beauty of the phenomenon. 
A bank of clouds, which I estimate to have been about 125 or 130 degrees in 
length and about 20° wide at the scuth puint, lay along the southern horizon. 
The white clouds had the appearance of ropes of corded wool, about three 
degrees in diameter and separated fromeach other by about two degrees of 
clear space, there being no sign of any other clouds visible except these great 
streamers and the heavy bank along the southern horizon. The Moon was 
three or four degrees east of south and ten or twelve degrees north of the 
heavy bank referred to above. The stars of the first and second magnitude 
shone like gold on the dark blue sky apparently double their usual brightness. 
The streamers were not dense enough to obscure the Moon entirely while pass- 
ing in front of it, as they did once or twice during the 20 or 25 minutes that 
this display was visible. The whole panorama was shifting slightly to the 
southeast, these long streamers sinking endwise into the heavy bank of 
clouds at the south, retaining their relative size and positions until they had 
disappeared in the dark cloud bank along the southern horizon. The streamers 
extending overhead near the meridian reached from the heavy cloud at the 
south almost to the pole star, and those to the east and to the west of the 
meridian gradually and gracefully shortened in appearance, till those at the 
extreme east and west appeared to be only eight or ten degrees in length. The 
barring was as perfect and distinct as that of an U. S. flag with two excep- 
tions noticed wherein the streamers were not perfect from beginning to end 
and these were short ones under the Moon. Many people of this town wit- 
nessed this wonderful and most interesting sight which can not be described 
by words or the artists brush. Any near approach to its splendor by repre- 
sentation on canvas would be declared a nature fake by all who failed to 
see it, and credited only as a fairly good representation by those who were so 
fortunate as to have witnessed the grand spectacle in a perfectly sane and 
sober condition. 

If such a display had occurred on the night we were supposed to be pass- 
ing through the tail of Halley’s comet it would have frightened the people out 
of their wits. The white clouds seemed quite close to the Earth and therefore 
gave a wonderful clearness and beauty to the great sky dome beyond them, 
studded with stars more brilliant than I had ever seen hefore. 

I presume this was a local condition aud may not have been seen by many 
who would take the time to report it to you or other astromical experts. 

I would be pleased to know if it was observed at other places. 


Cuas. L. EaRLy 
Sac City, Iowa. Nov. 11, 1910. 





A Four-and-one-half-inch Reflecting Telescope.—The 41-inch 
reflecting telescope which I made recently at the cost of about a dollar, has 
been so satisfactory that it occurred to me to furnish the readers with an 
account of its performances. I have used on the telescope magnifying powers 
from about 50 up to 265. The definition is not impaired by the use of high 
magnifications. On Friday night, October 28, 1910, I used the instrument for 
a considerable time, and with it, examined a number of objects in the sky. 
The bright white star, Vega, was one of the first I examined. That far off 
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Sun was both brilliant and particularly white with a power of about 50..- 
Very faintly, but very surely, I could detect two of the minute stars which 
are known to astronomers as belonging to the “stars near Vega.’”’ One of 
these is a star of about the tenth magnitude. This means considerable when 
itis remembered that Vega is of the first magnitude, and in the estimation of 
stellar brilliancy it should be remembered that each magnitude is three and one 
half times fainter than the magnitude preceding. A four-inch refractor costing ‘ 
about $150 or $200 will not do better than this. I next approached the 
brilliant double star at the foot of the Cross, called Beta Cygni, or Albirieo, 
With all powers this pair was thrown widely asunder, the small blue star 
contrasting most noticeably with the larger orange-colored star of the pair. 
The two companions shone brilliantly on the background of almost perfect 
blackness. High powers threw the two stars much further asunder than they 
were thrown by lower powers, although the lower powers showed many other 
stars at the same time, because the field of view was larger. Having then to 
go away from home for some hours, I ceased observing until! my return home 
a little before midnight. By that time the night was clear and cold, and the 
sky cloudlessly pure and marvelously starry. The planet Saturn was high up 
in the zenith, so I turned the telescope uponit. The golden rings were well 
presented, and in the part of the field of view which astronomers call ‘‘pre- 
ceding the planet’? was Saturn’s largest satellite, Titan. I knew about where 
to search for another of the satellites, Rhea, because I had seen it in my 12- 
inch reflector, but did not see it, partly because our city lights help to prevent 
faint stellar objects being observed distinctly, and partly because the night was 
very cold, and I contented myself more with general observation than with 
particular discoveries. The rings of Saturn are much inclined now, and the 
black sky between the ball of the planet and the rings was exceedingly plain. 
The view presented by the Saturnian system was very entertaining, and that 
alone would have repaid the expense and trouble in the making of the instru- 
ment. I then turned the telescope to the great nebula in Orion, and with a 
low power the entire nebula was visible. Its appearance was most magnificent, 
and its contrast with the outlying stars was interesting. The little group of 
stars hanging or buried right In the heart of one part of the nebula, and 
known as the Trapezium, could be seen quite easily, although it required a 
power of about 125 to divide it into its four principal stars and reveal the 
presence of the fourth or smallest one of the four. One might have expended 
an hour in examining the miraculous magnificence of this celestial wonder. 
The multiple star, Sigma Orionis, was also examined. I could distinctly see 
six stars in this little group, each one burning like a tiny point of light. A 
number of other doubles in Orion, as well as groups or clusters in that famous 
constellation were examined, many of more than momentary interest. My 
lowest power, being about 50, was a little high to enable the whole of the 
Pleiades to come within the instrument at once, but nevertheless I examined 
that most interesting object. The largest star of the Pleiades is called Aleyone 
or Eta Tauri, (the Pleiades being a part of the constellation Taurus) and the 
little triangle of minute stars were visible also; about two hundred being seen 
in the glass where only from 7 to 11 are visible to the unaided eye. One 
could watch the Pleiades for a long time without becoming weary; for the 


arrangement of stars in that wonderful group is attractive. To search the 


group for stars of different magnitudes, ranging down to the faintest star that 
can be seen is both an interesting and a profitable recreation. While there is 
not much variety in the coloring of the stars of the Pleiades, still there is 
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sufficient to render an examination of that feature of the group entertaining. 
I turned the telescope towards the constellation Gemini, where shone the well 
known pair of stars, Castor and Pollux. The two component stars of Castor 
separated themselves, and both shone both brightly and independently with 
all powers that I used. From Castor I turned to the famous double cluster 
in the sword handle of Perseus. With a low power both of these objects were 
visible simultaneously; and the brightness of the field of view, because of the 
perfect wilderness of stars which flashed before the eve, was entrancing. Here 
and there in the clusters shone a star of perhaps the sixth magnitude, but the 
vast majority were stars so faint that their individuality could be but just 
recognized, and as they twinkled fitfully in the fearful inky distance they seemed 
like an illuminated universe exploding in the sky. Down to the ninth, tenth 
and eleventh magnitudes the stars of those two clusters glimmered in brilliant 
and close aggregation, and no nebula was more inspiring and no other cluster 
more attractive. The colorings of the stars here too was in advance of the 
Pleiades. The star at the bend in the handle of the great Dipper or as astron- 
omers term it “Ursa Major’’, resolved itself clearly into four stars, the principal 
star of the four being a close double as it appeared in the glass. The one 
third in size of the four is named Alcor, and has a rather interesting history 
mythologically. It is said that once it was one of the Pleiades, and its six 
companion Pleiades resolved to marry, each one of them to a god, but this 
one married a human being, she was expeiled from the association of her 
sisters, wandered through the heavens for a time, being known as the Lost 
Pleiad, and eventually took up her abode just above the bend in the handle 
of the Great Dipper. Mizar is the name of the close double of this little 
group, and the difference in size of its two components, although both of nearly 
the same clear white color, is noticeable. I examined several other objects 
of considerable astronomical interest, including the Great Nebula in Androm- 
eda, which seemed like a misty haze on a darkened sky, and this completed 
my observations. The sky was becoming clouded over, and in a little time 
the stars were all obliterated, I removed the telescope indoors, and left a con- 
tinuation of observing until another tiie. 
A. R. Hassarp., B.C.L. 
Toronto, Canada. Nov. 1, 1910. 





Aurora of March 27, 1910, Observed at Wolfville, Nova Scotia. 

At 9" 50™ local time (which is that of the 60th Meridian) March 27, 1910, 
an aurora was observed, accompanied by a peculiar formation of the northern 
arch. This was roughly elliptical in shape, the highest point being some 15° 
above the north point of the horizon, with another more irregularly shaped 
elliptical arch about 5° above it. The eastern portions were the brightest, 
with spots of greenish tint, while the rest of the arch and illuminated portion 
of the sky were white. 

On leaving the house, one was immediately impressed with the brilliancy 
of the light which covered three-quarters or more of the sky. Although the 
Moon but two days past full was well above the horizon, yet the aurora was 
visible to within 2° or 3° of the Moon itself. The most striking feature of the 
display was the appearance of the light over most of the sky in exceedingly 
fine lines or striations which appeared to converge at a point in Leo just north 
of Regulus. This impressed the observer as a vortex rather than asa point 
of radiation, although no motion common to a vortex was noted. Bands of 
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these fine striations converged not only from the north, north-west, and north- 
east, but from the west and east. In the south-east the illuminations extended 
to within less than 10° of the horizon, in the south, 50° below the zenith and 
in the south-west, beyond Sirius. At 10" 03" striated bands from the region of 
Orion to Regulus were especially brilliant. At this time and indeed since 9" 50™ 
there were no flashings but a steady white light, with a drift overhead from the 
north, and here and there spots or bands much brighter than the surrounding 
portion, as in the case noted above from the region of Orion. Some of these 
spots were very brilliant even up to within 15° of the Moon. 

About 10° 04" the striated effect began abruptly to disappear and the 
illuminated area broke up so rapidly that by 10°05" the lines were nearly 
gone. It was noted that flashings began to run from north to south, that is, 
the illumination appeared to emanate wave-like from the north, suddenly 
illuminating an irregularly shaped portion of the sky, the appearance strongly 
suggestive of the illumination in a vacuum tube when a strong electrical cur- 
rent is passed through it. 

Although there was always the appearance of wave motion or flashings 
from the north, yet spots would suddenly appear in certain portions of the sky, 
expand towards the north until full size was attained and then as suddenly 
disappear. The sides of these illuminated portions would sometimes measure 
20° at the moment of the maximum size; at other times they were not larger 
than twice the apparent surface of the Moon. They would sometimes appear 
for a moment in such numbers that nearly three-fourths of the sky would be 
illuminated, the illumination reaching as far south of the zenith as at any time 
when the striation was observed. It was noted a minute or two after the be- 
ginning of the flashing that there was something of the effect noted earlier in 
the region of Regulus, although the striation had disappeared. This called the 
observer’s attention to the fact that flashings seemed to come from the north- 
west as well as from the north. Upon looking in this direction, a distinct arch 
was observed spanning the entire northwestern quadrant of the horizon, 
with another arch in the north. Very distinct bands extended from the north- 
west arch with less distinct ones from the more northern one. 

It was difficult to trace the exact direction of the flashings because of the 
simultaneous rapid growth of the spots in the direction from which the flash- 
ings seemed to emanate. It was however, distinctly noted that spots which 
flashed out were developed by a motion nearly as rapid as the flash, not only 
toward the north but also toward the north-west. This together with the 
apparent converging in the region of Regulus, would seem to confirm the ob- 
server’s opinion that these flashings emanated simultaneously or practically 
so, not only from the north but also from the northwest. 

By 10° 10™ only about one half of the sky originally illuminated was affected 
by the flashings and by 10" 15™ only about one-quarter, At 10" 17" a distinct 
band of steady white light extended from the north west nearly to the Moon. 
There were flashings from the north but no distinct arch in the northwest or 
north, although spots continued to flash out 35° to 45° south of the zenith. 
At 10" 20™ there was an increase in the number of bright spots with flashings 
from the north. At 10" 45", no observations having been made since 10" 25™, 
the arch in the north-west had again become distinct and flashings from that 
quarter as wellas from the north were observed. At this time it was noted 
that the observer’s shadow, the Moon being behind him, fell directly towards 
the crest of the arch in the northwest. 
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At 11" 10" the temperature was 24° and the barometer about 30.4. The 
sky was clear throughout the observations. Great care was taken to discover, 
if possible, any fine cirrus clouds but none were seen. One was impressed by 
the wave-like effect of the flashings which seemed to cause the bright spots to 
flash out only at the crests of the waves with clear blue sky between. The 
duration of the spots from time of first appearance until sudden disappearance 
after reaching their maximum size would average not over one and one-half 
seconds. 

The illumination when overhead seemed to be very near the observer. 

Throughout the observations, from 10" 00™ until 10" 23™, the observer’s 
wife recorded his statements and these were edited the following morning. 


WIiLpur A. Coir. 
Acadia University. 





Observations of the Aurora Borealis.—During my observations 
lately, I have noted quite an active aurora on every clear night. The follow- 
ing is a brief record of the auroral activity. 

On October 30, at 9h 12m C.S. T., a very strong auroral flash was ob- 
served almost due north. This was fan-shaped and greenish. 
was quite active on this date. 

The aurora was very active on the following evening, October 31. A very 
strong auroral flash was observed in the north-west at about 7h 34m. This 
was large, elliptical and greenish in color, with a duration of a second or so. 
At approximately 8h 6m a light developed in the north, and a long streamer 
somewhat brighter at the edges passed a number of degrees west of the zenith, 
roughly; this was one of the finest examples of auroral flashes I have ever 
observed. This flash resembled the rays from a search light in appearance. 
A soft, steady light, low in the north was observed, which lasted during the 
entire time of the observation to my knowledge, after this large flash. Small 


flashes were observed all along the north on this evening at intervals of a 
minute or so. 


The aurora 


On November 3rd, the next clear night, the aurora was again observed to 
be quite active. After all of these observations of the aurora borealis, I 
determined to observe the Sun th seeif its surface contained any phenomena 
which might account partially for this display of auroral light. Consequently 
on the next clear day, November 5, the Sun was observed and its disk was 
found to be perfectly clear of any phenomena of any kind, by the aid of the 
83-inch Mogey refractor. Therefore, the apparent condition present on the Sun 
could not be said to have produced the aurora. During the evening of 
November 5th, the aurora was fairly active, but all of the flashes were small 
and were low in the north. The light from all these aurorae I observed 
was greenish in color. 


FREDERICK C. LEONARD. 
Madison Park, Chicago. Nov. 6, 1910. 





A Brilliant Midday Meteor:—Mr. J. H. Pruett of McMinnville, Ore., 
has sent to us a number of newspaper clippings describing an unusually large 
meteor which passed over western Oregon a little after noon on September 4. 
“The meteor was seen and its explosion heard all down the Williamette Valley 


from Salem to Astoria, which is ninety miles north and fifty west. The explo- 
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sion might easily have been taken for blasting had it not been for the 
echo which did not die away for at least twelve seconds.’”’ The meteor was 
dubbed the “Big Stick’? meteor because of its resemblance in shape to the now 
proverbial “Big Stick.’”’ Despite the glare of the Sun it could be plainly seenand 
as it shot across the sky at terrific speed, it seemed but afew hundred yards dis- 
tant. In color it resembled a ball of white fire shot froma Roman candle. A trail 
of pale blue smoke was left behind but within a minute this had blown away. 

From different parts of the surrounding country have come reports of the 
dropping and finding of fragments of the meteor. Two men fishing near St. 
-aul, Ore., were startled by a blue flame passing at lightning speed over them 
and they followed it with their eyes until it dropped into the lake about three 
quarters of a mile from them. The water ‘was hurled high into the air as the 
fragments struck it and exploded. Several fragments were picked up near 
Woodburn. A test showed that they were composed of iron, the foreign sub- 
stances having been burned out. The main body of the meteor is supposed 
to have dropped into the Pacific Ocean. 





A Polar Sunspot.—On looking over some of my records of observa- 
tions made some time ago, I find that 1 have recorded an observation of a 


rather singular solar phenomenon. The following is taken from my record: 


Several months ago I observed a Sun spot almost exactly on the south pole 
of the Sun; this spot was unusually large and apparently foreshortened. I 
did not take the date that I observed it. 

Chicago, September 28, 1909. 

The above recorded observation was made with a Mogey 2'%-inch refractor 
which I owned then. Sun spots observed within immediate proximity to the 
solar poles are comparatively rare. ' , 

FREDERICK C. LEONARD 
Madison Park. Chicago. Nov. 6, 1910. 





‘Remarkable Sun Spot, Oct. 23, 1910.—I enclose a sketch of a 
remarkable sun-spot observed and carefully drawn by me yesterday. The 
appearance was exactly as if a section of the photosphere had been removed, 
revealing an area of a sub-surface in which there were five or six holes, some 





























Sun-svot OF Oct. 23, 1910. NORMAL SUNSPOT. 


of which were partially hidden by the overhanging fringe of penumbra which 
surrounded the exposed area on all sides. Most surprising of all was the fact 
that this inside area was slightly tinted—a greenish brown I described it, while 
a young gentleman, who happened to be present said the tint was of a yellow- 
ish cast. I asked him particularly to be sure whether or not there was a tint. 


+ 
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I was first attracted to it in making my daily early morning notes and took 
the first opportunity to make a careful sketch and altogether it was under 
observation an hour and a half. The atmosphere was tremulous, bad in that 


Later clouds gathered and as the spot was on the west hemisphere 
I have little hope of seeing it again. 


respect. 


Iearnestly hope we may hear from other observers concerning this spot. 
For your own reference, and such use as you find for it in connection witha 
brief mention of the spot, I enclose you all of my observations on this spot’ 


Sept. 


Sept. 


Sept. 
Sept. 
Sept. 
Sept. 
Sept. 


Sept. 


Sedt. 


Sept. 


Sept. 
Sept. 


Sept. 
Sept. 


Oct. 


Oct. 


+ 
i. 


2. 


29. 
30. 


~ 


16. 


Two east and west dots, 3 degrees apart, 1 day past center and 
10 degrees south of the center line. 

The two companion dots west of center have enlarged and 
spread to 8 degrees apart, with an additional dot 3 degrees 
further east and a suggestion of a tail of dots following the 
advance one. 

The western group of dots still further strengthened—principally 
by development of other dots. Advance one is largest of group 
A sketch, showing rough edged little umbra dots, six in number, 
near west limb. 

Sketch, shewing group developed into an average group with 
penumbra around two of the spots. 

The western group now on the limb—practically only the rear 
double visible. 

A new large spot, umbra with penumbra as wide wings on 
E. limb. 

New east spot a first class one. Large umbra with white tongue 
extending in from S. E., penumbra still saucer-shaped, quite 
large and pronounced. Facula north of and following and one 
or two smaller spots following over limb. 

Little change in E. spot, the facula tongue on S. E. not so 
prominent, large facula area following. Seeing perfect. 

East spot a fine sight. Details perfect. Can almost say the 
jagged outer edges are in harmony with the law of the distribu- 
tion of the rice grains on photosphere. Rice straws all plain 
in penumbra. 

Main spot now rounder. View best. 

Main spot about as yesterday, but all dimmer. Tendency to 
non-conformity (this refers to the relations of the outer and 
in-edges of spot penumbra, under observation and which will 
be made the subject of an early report. W.F.C.) 

The former principal still holding on in good form. 

West spot holding on as usual, some nonc. and some conf. It 
may be accurately likened to the principal spot on sketch of 
September 4th. (this is a different spot used here for reference.) 
The west spot now near limb. It is still in good form but not 
as large as when it came over E. limb on Sept. 20. 

A new group, average area, composed of one larger advance 
umbra and attendant smaller ones, all in facula area about a 
day over E. limb. Seeing good. On second look the main 


umbra has suggestion of penumbra about it—both imperfectly 
formed, broken &c. 
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Oct. 17. The new group in better view. Advance spot a medium to 
small umbra and penumbra in regular formation, the umbra 
is long east and west. Good area involved. It is difficult to 
say whether this is a north or south spot. (referring to solar 
hemispheres. ) 

Oct. 18. Sketch, showing ordinary group, penumbral spot in advance 
and group of little rough dots following. 

Oct. 22. Advance group at center. 

Oct. 23, Sketch of whole surface markings, using 75 power, and the fol- 
lowing note: Almost impossible atmosphere. Looks fair but 
is full of clear blurs. The advance spot is a curious and won 
drous affair with power 150 between times. Some of the 
holes seem to have precipitous banks or rims around large 
part of their circumferences, especially the larger one. The 
amount of scarred looking white matter surrounding these 
holes is curious and shown to some extent in the sketch. 
While the penumbra has a faint general appearance yet its 
details of ‘‘rice straw’’ are wonderful. (9:A.M.) 

10 a.m. (The sketch enclosed, using 150 power.) also following 
note: The above is the spot mentioned this morning. It is al- 
together most remarkable. I never heard of anything like it. 
Evidently a section of inner surface is revealed below the pho- 
tosphere, full of holes, some of them covered by the general 
penumbral fringe surrounding the exposed area. More surpris- 
ing still is that this interior area is tinted—a slight greenish 
brown tint and js altogether a different looking surface to the 
snow white photosphere with its usual rice heads. Robert 
Davis says the tint is yellowish. 

W. F. CaroTHERs. 





ad 


QUESTION 7. How many asteroids have already been discovered and 
catalogued? 

ANSWER TO QUESTION 7. We cannot at present state definitely how many 
asteroids have been catalogued, for those discovered in the latter part of 1909 
and in 1910 have not yet, to our knowledge, been numbered. Late in 1908 the 
total number was 674, so that we should assume that at present there may be 
between 700 and 750 of them. We shall attempt to ascertain the exact number 
before the January number appears. 





GENERAL NOTES. 


Owing to an extraordinary sale, No’s 156, June-July 1908; 161, January 
1910; 169, November 1909; 170, December 1909, are out of our files. Requests 
for these numbers have not been numerous enough to warrant the reprinting 
of any of the issues, but still a number of our subscribers need them to com- 
plete their files of PopuLar Astronomy. If any of our readers, therefore, have 
made all the use they care to of these numbers, and care to dispose of them 
we should be very glad to buy them back at the rate of 30 cents a copy. 





Dr. Walter Mann Mitchell has been appointed Assistant Professor 
of Astronomy at the University of Michigan. 
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Second Catalogue of Spectroscopic Binary Stars.—In the 
Lick Observatory Bulletin No. 181 Professor W. W. Campbell publishes} his 
second catalogue of spectroscopic binary stars. The first catalogue was 
issued in 1905 and the number of known spectroscopic binaries has increased 
from 136 at that time to 306 on January i, 1910. The nuniber of fairly well 
determined orbits increased in the same period from fewer than twenty to 
more than seventy. Included in the catalogue are several well-known visual 
double stars for which the spectrograph has shown either that the velocity 
of the principal component is variable or that the velocities of the two com- 
ponents differ appreciably. The catalogue gives the following data: The 
number in the revised Harvard Photometry; the star’s name; its right ascen- 
sion and declination for 1900; the visual magnitude; spectral type; the elements 
of the star’s orbit so far as known; the velocity of the system from the Sun; 
the computer and reference; the discoverer and remarks. 

Following the catalogue Professor Campbell gives a quite full discussion 
of the material thus brought together. Grouping the stars according to their 
spectral types it at once appears that by far the larger number of short 
period spectroscopic binaries belong to the earlier types O, Band A. “Two 
thirds of the O and B types of binaries have periods less than ten days; 
half the A types and half the F types have periods less than ten days and 
it is a striking fact that there are no known binaries of the G, K and M types 
(excepting possibly H. R. 142, 13 Ceti) whose periods are less than twenty 
days. 

The eccentricities of the orbits vary directly with the length of periods, 
the short period binaries having on the average very nearly circular orbits, 
while those of long period are quite eccentric. 

It is not possible to determine the exact masses of these stars because the 
inclination of their orbits to the line of sight is undetermined, but by making 
a reasonable assumption for the average inclination Professor Campbell finds 
“the average mass of 18 principal components to be 4.2 times the Sun’s mfiss, 
and for the 18 secondary components 4.2 times the Sun’s mass. Excluding 
8B Lyre, on account of very considerable uncertainty in the interpretation of 
its spectrum, their values reduce to 4.0 and 3.3. The O and B type systems 
appear to be more massive, but the data are too meager to venture this as a 
conclusion.” 

“With only one exception the principal (brighter) component is more 
massive than its secondary. The exception relates to 8 Lyre, in which 
system the fainter member is accredited with a mass 2.2 times that of the 
brighter member. 

From a study of the data concerning the 50 visual double stars of 
shortest known period, whose orbits have been computed, the following 
striking facts are derived: ‘First, there are no visual binaries of known 
periods less than 50 years, or of any satisfactorily determined periods, 
belonging to the O and B types. This is in strong contrast with the very 
large proportion of spectroscopic binaries of the O and Btypes. It is apparent 
that the component stars in anO or Btype binary system are in general too 
close together to be separated by direct telescopic observation. 

“Second, there is no visual binary system of determined period belonging 
to the M type, but the apparent explanation is a different one. The periods 
in such systems are so long, in comparison with the interval covering accu- 


rate micrometric studies of double stars, that we have no reliable information 
concerning the period of revolution for even one system.” 
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The different distribution among the spectral types of spectroscopic and 
visual binaries is well shown in the following table, which includes 164 of 
the more rapidly moving double star systems. 


Type Spectroscopic Visual 
Binaries Binaries 

O—B 48 

A—F 45 131 

G—K 23 28 

M—N 2 1 


The eccentricities of the visual binaries do not exhibit any decided pro- 
gression with the periods, the averages in groups of 10 being 0.461, 0.453, 
0.495, 0.531 and 0.483, but when they are divided into two groups of 25 


each and arranged with similar groups of spectroscopic binaries they are seen 
to form a fair sequence. 


SPECTROSCOPIC AND VISUAL’ BINARIES. 


No. of stars Period Eccentricity 
Spectroscopic binaries 31 (19) 2.59 days 0.04 
Spectroscopic binaries 13 ( 7%) 6.90 ‘“ 0.14 
Spectroscopic binaries 33 (24) too * 0.36 
Spectroscopic binaries 15 (13) 20.5 years 0.38 
Visual binaries 25 (25) moe lCU 0.48 
Visual binaries 25 (25) 108.1 ‘“ 0.51 


The figures in parenthesis indicate the number of stars used in determining 
the average eccentricity of the group. 

In 62 cases the spectra of both components of a binary system appear or 
are strongly suspected upon the spectrograms. These are nearly all of the 
early types O, B, and A. It appears to be the rule that when the two spectra 
are of nearly equal brightness they are identical in type and when one is 
considerably fainter than the other, the spectrum of the secondary is appar- 
ently of a slightly earlier type than that of the primary. 

In concluding the discussion Professor Campbell summarizes, in the follow- 
ing manner, what appear to be the most probable incidents in the life history 
of binary systems: 


“The parent nebula, rotating ever more rapidly about an axis, divides into 
two masses. Our knowledge of mass ratios in spectroscopic and visual binary 
systems indicates that the masses of the two component nebule are not very 
unequal. They revolve about their mutual center of mass almost or quite in 
contact, in orbits nearly circular. Their radiating powers, as observed from 
any point in spuce, are proportional to their projected areas as viewed from 
that point. Their spectra are similar, and both spectra are visible in a large 
number of cases. In general the masses are large, for it would seem that a 
large nebulous mass is more liable than a small one to divide into two masses. 
It may be for this reason, that binary systems are on the average more 
massive than those consisting of a single star. Synchronism of revolution 
and rotation probably exist at first, and may persist throughout a long 
period of time. Herein may lie a reason why visual triple and quadruple 
stellar systems are comparatively scarce. Spectroscopic triple systems, such 
as Polaris, and combination spectroscopic and visual triple or multiple 
systems, such as 13 Ceti, a Geminorum, « Lyre, etc., are characterized in 
general by both long and short periods in the same system. The synchronism 
referred to, in a system originally binary, may have prevented further fission 
in one or both of the components until after these components had become 
widely separated. 
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“With advancing time, condensation is attended with increasing mean 
distance and increasing eccentricity, and the type of the spectrum changes. 
Here enters the important and difficult question as to which component, the 
more massive or the less massive, will live’ its life the more rapidly, as inter- 
preted by resulting spectral types. The general rule that the secondary mem- 
bers of binary sysiems are bluer and whiter than the primaries led naturally 
to the conclusion that the secondaries were the more massive components, the 
ratios of their surface areas to their masses were smaller than in cases of the 
primary components, and the secondary components therefore retained their 
heat within themselves more efficiently, thus prolonging the qualities of vouth. 
The geometrical investigations of mass ratios published prior to the present 
year lent support to this view. Boss’s mass ratios seem now to controvert it 
strongly. An hypothesis by Huggins, suggested at first rather casually, and 
later discussed more seriously, appears to me to be of great merit, especially 
when Schuster’s extension of the hypothesis is applied. Huggin’s suggestion is 
as follows: “Another way of looking at the problem is perhaps possible. May 
it be that the effect of the great mass on surface density, together with the 
working of Lane’s law, by which the temperature of a condensing gaseous 
mass so long as it is subject to the laws of a purely gaseous body will continue 
to rise, will favor in such stars the coming in of a solar type of spectrum ata 
somewhat relatively early time?’ Schuster’s extension suggests in effect that the 
lighter gases,—hydrogen, helium and so on,—which surround a star in its early 
age, will be pulled down upon a star of small mass but lightly, and a long period 
will be required for the absorption of these gases. Such a star would remain 
effectively young, as judged by its spectral type, longer than its more massive 
primary. In the latter the greater gravitational power would lead to more 
rapid absorption of the lighter surrounding gases, and the predominant influ- 
ence of metallic absorption would enter earlier. It seems reasonable to sup- 
pose that the greater internal gravitation of the more massive primary will 
generate heat more rapidly, and cause it to live its life more rapidly than in 
the case of the less massive secondary.” 





The Romance of Modern Astronomy.—Among the great number 
of books on modern astronomy, that have appeared during recent years, 
this is no other, which will in our opinion find such universal understanding 
and appreciation as ‘The Romance of Modern Astronomy,” by Hector Mac- 
pherson Jr., recently published by Seeley and Co., London, in their “Library 
of Romance” series. Containing the latest information to be gained from 
modern researches on the various subjects presented and yet written in popular 
style, it is readable and ought to appeal not only to the professional and ama- 
teur astronomer but also to the laymen whose interest in the subject goes 
only so far as to cause him to wish to read something about it. 

In addition to the facts and theories usually found in such treatises, the 
author takes up discussion of many of the extraordinary things and presents 
them, with aptly chosen illustrations, in such a way as to make them under- 
standable to the laymen and peculiarly interesting to those versed in astro- 
nomical lore. An example of this is shown in the illustration of the action of 
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gravity at the surface of some of the planets. The whole work is profusely 
illustrated with well-chosen diagrams and the most modern photographs taken 


at prominent observatories on both sides of the Atlantic. Nearly all of them are 
not only interesting to look at, but have real value in view of the scientific facts 
they illustrate. Among them may be mentioned Professor Max Wolf's photo- 
graphs of the nebulae and those of Mars by Professor Lowell. 

The subject matter is handled in a logical manner. Starting with a study 
of the Earth, its place in the universe and its motions in space, the author 
takes up, in fifteen chapters, the study of our nearest neighbor, the Moon; 
then, of the Sun, the planets in order of their distance from the Sun, of the 
phenomena within the solar system such as transits, eclipse, etc,, of comets 
and of meteors. Having disposed of the solar system, he takes up in the next 
seven chapters the study of the stars, clusters, nebulae, the Milky Way and 
the theories of the Universe. 

Following these are four interesting chapters on tides, light and its mys- 
teries, constellation study and on telescopes and observatories. Four more 
chapters are devoted to the history of astronomy from ancient to modern 
times but dealing more especially with the work of Galileo, Kepler, Newton 
and the Herschels. The last chapter is a resume of the work. In this resume 
the author makes the statement, ‘“‘The romance of astronomy is more romantic 
than any romance, more fascinating than any story.’’ He has exemplified 
this in his work and anyone who reads ‘“‘The Romance of Astronomy’ will 
be amply repaid for the time spent in so doing. 





The Earliest Cosmologies.—In “The Earliest Cosmologies” by William 
Fairfield Warren, those of our readers, who are interested in the ‘world con- 
cepts’ of ancient times, will find an interesting introduction to the study. 
The author has spent thirty years in the study of ‘world concepts’ and 
presents, in concise and yet readable form, some new facts and new ideas 
gained from the facts in connection with each concept under consideration. 
Some of the concepts considered are, the Hebrew, under the old interpretation 
and that of Schiaparelli, the Babylonian, the Biblical, Rabbinical and Koranic 
as compared with the Babylonian, the Egyptian, the Homeric, The Indo- 
Iranian and the Buddhistic. A chapter on “Points and Problems for Future 
Study”’ should give valuable suggestions to those interested in further study 
along that line, while the appendices, which fill up nearly haif the book, are 
storehouses of information on the subjects which they present. The book is 
well written, logically put together and well bound. It is published by Eaton 
and Mains, New York, Price $1.50. 














